ED 165 952

AUTHOR
TITLE

INSTITUTION
SPONS AGENCY

REPORT NO
PUB DATE

CONTRACT

NOTE

EDRS PRICE
DESCRIPTORS

iDENTIFIERS

ABSTRACT

the applicatioa of specific types of telecommunications technology to

DOCUMENT RESUMNE
RC 011 130

Bennett, . M.; And Others :

Telehealth iandbook. A Guide to Telecommunications
Technelogy f. r Rural Health Care.

¥itre Corp., Mclean, ¥a.

National Center for Health Services Resear-ch
(DHER/PHS), Hyattsville, M3.

DHEW-PHS-79-3210; NCHSR-79-1

May 78

HRA-106-74-182

164p.

MF-30.83 HC-3%$8.69 Plus Postage.

Administration; Costs; *Delivery Systems; Guides;
Health Education; Health Needs; Health Personnel;
Information Networks; ILformation Systems; *Medical
Services; Patlients (Persons) ; *Primary Health Care;
*Rnral Areas; Rural Population; *Telecommunication;
Teiephone Communication Systems; Television
*T2lehealth Svstenm

Embhasizing.primary care, this handbook focuses on

the process cof information exchange witbin a rural health care
system. Its purpose is to provide guidance to health care planners
who want to consider the poteuntial of telecommunications technology

for inproving quality, accessibility, and efficiency of care. Taking

A functional, applications-oriented approach, it integrates the

1ssues and recommends a decision-making process. The range of

~echnologies discussed includes not only the expensive and exotic but

1lso the rather inexpensive, everyday technologies that should be
available in many parts ¢f the country. Content includes backgrournd
raterial cn health care and information exchange; the concept of a
1etwork arnd the disiincticn between telecummunications liunks and

xnd-instruments:;

functional applications of teleh=zalth systems

(patient care management, administration, edmcation):; technical

“omponents of telehealth--transmission (narrowband, telephone, radio,
>roadband, networks), end-instruments (audio, telemetry, data/recHrd,
rideo, slow-scan *elevision, patient-viewing video dev.ces); process
‘or assessing feasibility of telehealth in a specific setting; p.ying

"or telehealth. £J current and planned telenealth projects

More than

\nd references for additional information are briefly descrihed.

[RS)

3t e e 3 e S 3 e e i ke e S o o e e 2 3 A o ok e e 3k % ¥ e e e e o 2 e e ok AT 20 % ok o o de 3 o o ek e ok ok 3 ok e o e 3k o ok o o e ok Ak A
Reproductions supplied by EDRS are the best that can be made

Q

frcm the original document.

*
Pr

’*{}QK}*******************************************************‘********

IToxt Provided by ERI



'
t
n
!
'

'
|
(
i
!

i
'

-
N
oy
]
J

E

Aruitoxt provided by Eic:

!
|
!
o
!
g
|
|
|
|
|
i
|
|
|
i
i
— =
-)
'a
\

VSN — e e -

‘TELEMEALTH

HANDBOOK

a guide to
telecommunications
technology for
rural health care

4

US DEPARTMENTOF HEALTHN,
EDUCATION & WELFARE
NATIONAL INSTITUTE OF

EDUCATION

THIS DOCUMENT MAS BEEN REPRO-
DUCED EXACTLY AS RECEIVED FROM
THE PERSON CR ORGANIZATION ORIGIN.
ATING 1T POINTS OF VIEW OR OPINIONS
STATED DO NOT NECESSARILY REPRE-
SENT OFFICIAL NATIONAL INSTITUTE OF
EDUCATION POSITION O FOLICY

US DEPARTMENT OF HEALTH. EDUCATION. AND WELFARE e Public Health Service eNational Center for iﬂealth Services Research

©




ABSTRACT

Telehealth is a term applied to the use of telecom-

munications technology to facilitate the delivery of

health care and services among remotely located, geo-

cgraphically dispersed, or phvsically confined persons.

A telehealth svstem appears to be a potentially valuable
resource for improving access to quality health care
in rural areas. Telehcalth systems can enhance the
information exchange that is vital to providing qual-
ity health care and help reduce the professional
isolation of rural providers. With an emphasis on
primary care, this Handbook focuses on the role of

—-- telecommunications technology in  the exchange of
patient, educational, and administrative information
within a dispersed health care svstem. Although the
emphasis is on planning for rural communities, where
there is a severe shortage of health services, the
resources, concepts, and issues are applicable to
urban areas also. The intent is to provide preii—inury
guidance to health care planners who are conside:. (72
telehealth among the many alternatives available f-r
improving the quality, accessibility, and efficiency

of care.
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“OREWORD

This Handbook for potential users of telecommunications technology
in health services delivery is a marked departure from traditional
National Center for Health Services Research publications. The Hana-
book is not a summary of research results in the usual sense, but
rather a gathering of the collective know-how of those who have been
experimenting with and thinking about health care applications of
this technology.

NCHSR began a vigorous telehealth research program in 1971 with
seven exploratory two-way visucl telecommunications projects. These
were intended3 to: (1) gain "clinical impressions" of the utility
>f this technology in a wide variety of health care settings and
applications; (2) develop methods for assessing the utility of the
technology; and (3) develop a framework for further research on the
logistics of health care delivery.

Major analytical difficulties are inherent in telehealth research
because the technology may significantly alter the organizational struc-
ture of tne health care system in which it is placed. Moreover, thLore
are many variations in the kinds of technology available and in the
functional applications fo which these technologies may be addressed.
These difficulties surfaced in NCHSR's exploratory projects and we
decided to focus additional research on overcoming them.

The kinds of questions we tried to answer included: Could one
develop analyvtical tools that would help narrow the range of research
and demorstration projects and field trials that should be funded?
Could one predict, prospectively, what the impact of technology would
be? Could one use such predictions both to select promising candidate
technology/site combinations for demonstration and to evaluate the
demonstrations?
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This Handbook is part of our progress in developing 'ves'" answers
to these questions. The Mitre Corporation has been under contract to
NCHSR since 1972, studving the telecommunicctions technology that would
be appropriate to support the deliverv ¢{ health care services in rural
areas. A series of reports resulted4’8v10'26v3o’3l’32*33’3A’35’36 on
both the analvtical work and on the prospective assessment of wvarious
manpower/technologyv combinations that would be likely to have favorable
benefit-to-cost ratios. The next logical step would be to initiate
projects that appear favorable, prospectively, based on analrsis of
site-specific needs and technologyv options available. This Handbook
has been developed to provide initial information and guidance to
potential users of telecommunications technology who might be in-
terested in undertaking a telehealth project.

One of the most important conclusions of the Mitre rescarch
was that telephone-based technologies should be exploited much
mnre vigorously than had been the case in past government-funded
research. Hence, this Handbook discusses a range of “echnologies
including nct only expensive, exotic, technologies but also rather
inexpensive, evervdav, technologies that should be readily available
in many parts of the country.

OQur purpose is well served if this Handbook alerts the health
community to the exciting possibilities that telehealth offers to
‘~crease access to affordable, high quality health care services,
ai the same time encnuraging the adoption of only those technological
apprnraches that are approprince and sound.

Gerald Rosenthal, Ph.D.
Director
National Center for Eealth Services Research

May 1978
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PREFACE

With an cmphasis on primary care, this Handbook focuses on
the application of specific types of telecommunications
technology to the process of information exchange within a
rural health care system. Althcugh rural communities pro-
vide the basis for discussion, the resources, concepts, and
issues are generally applicable to urban areas as well.

The intent of the Handbook is to provide guidance to health
care planners who want to consider the potential of tele-
communications technology for improving the quality, accessi-
bility, and efficiency of care. A functional, applications-
oriented approach has been taken and an at~empt has been

made to integrate the issues and recommend a jecision making
process to those who are investigating telehealth's feasibility.

The authors have not attempted :o provide an exhaustive
technical coverage of telecommunications or an encyclopedic
treatment of telebealth. This publication should be used

as a practical guide to aid the reader in deciding whether
to implement some form of telecommunications tc support
patient care, educational, or administrative activities and
how to approach the design process. It provides information
*0 assist the reader in answering questions such as:

® Would a telehealth system improve the delivery of
health services in my community?

¢ Is it economically, socially, and politically
feasible to establish such a system in my community?

e How does one begin to desigrn such a system? What
are the design alternatives and tradeoffs, and
what equipment should be considered?

Section 2 of the Handbook introduces some ideas that are
basic to telehealth--the concept of a network and the dis-
tinction between teleiommunications links and end-instru-
ments. Section 3 focuses on the functional applications
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of telehealth systems--patient care management, education,
and administration. Secctions 4 and 5 describe the technical
components of releheaith, and sectic. 6 discusses a process
for assessing the feasibility of teleb alth in a specific
setting.

If one has had experience with telehealth systems, the Hood-
book may be used to explore particular issues. If telehealth
is new to the reader, he may wish to skip some of the dctailed
technical material in sections 4 and 5. The Handbook should
be regardec as a source of information and a guide to the
consideration of telehealth for specific purposes, rather

than as a ''cookbook'" which dictates explicit solutions. The
application of telehcalth systems is an expanding field; the
Handbook is aimed at facilitating its appropriate and ¢ ffec-
tive expansion.
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1 INTRODUCTION

The problems associated with providing adequate health care
in rural 2veas include a shortage of providers, sparsely
distributed populations that frequently are poorer and
older than in non-ruxal areas, geographic barriers, poor
roads, climatic extremes, sub-standard housing, and poor
nutrition. During the past decade, many approaches have
been implemented to ease the problems of medically under-
served areas. New edvc:ational programs have been designed
to increase the numt<r of primary care physicians in rural
areas; organizational innovations have been eﬁEouraged that
emphasize the regionalization and coordination of services
and facilities; and, increased reliance on satellite health
clinics and non-physician providers\has been advocated.

In conjunction with these innovative prograumatic and
organizational approaches is a growing interest in the

use of telecommunications technolugy to support health
care. Improved communication systems can enhance the -
effectiveness of both existing and new health care delivery
approaches and extend the accessibility of health care
services to rural populations. These capabilities have
resulted in the emergence of '"telehealth'* - the application
of telecommunications-based technology in the delivery of
health care and related services. Telehealth systems show
considerable promise for enhancing linkages among elements
of a health care system by making remote services available
locally and improving the flow of educational and admin-
istrative information. These linkages, ‘in turn, should:

*The term "telehealth", rather than "telemedicine" » 1s used
in this Handbook because it implies a broader range of
health-related activities, including patient and provider
education and administration, as well as patient care.



® reduce patient travel and irconvenience,
® improve the rontinuity of care,
® enhance the quality and timeliness of care,

e Iimprove the financial status of rural health
systems, and’

® reduce providers® feelings of isolatior.

Backzround

Telehealth begaa in the mid 1960's with systems using off-
the-shelf electronic equipment to facilitate physician-to-
physician consultation, emergency medical services, and
administrative activities. Concurrently, the National
Aeronzutic and Space Administration's medical telemetry
work in the manned spaceflight program led to the develop-
. ment and application of new technologies to health care
delivery problems. - :

An increasing number and variety of telehealth projects
representing a broad range of technoYogies-atre being
applied in rural, urban, and academic settings. The
historical development of telehealth, as well as discussion
of alternative applications, implementation and evaluation
issues can be found in Park's An In:roduction To Tele-
medicine,l and Bashsur, Telemedicine: Explorations in

the Use of Telecommunications in Health Care.2 Technical
implications and considerations:are discussed in an IEEE
Transacticns on Communications article by Dr. Maxine L.
Rockoff of the Nzt.onal Center for Health Services Research,
"An Overview of 3ome Technological Health Care System
Implications of Seven Exploratory Broadband Communication
Experiments."3

Since the inception of telehealth, experience has shown
that it 28 technically feasible to provide remote commu-
nications support to rural health professionals. ‘Tele-
phone communication augmented by instrumentation will
permit the encoding and decoding of clinical, administrative,
and educational information in a variety of forms, as
successfully demonstrated in a number of programs.2 Tele-
phone technology, as opposed to the considerably more
expensive and complex alternative of televisieon trans-
mission, is currently the most cost-effective form of tele-
health. However, mary operational questinns and untried
alternatives remain to be explored. These alternatives
concern the utilization of varicus levels of technology

2
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by different types of providers, cost and revenue implica-
tions of different celehealth approaches, training require-
ments for acquiring skill in the use of telehealth equip-
ment, and the range of services that can be effectively
augmented through the use of telecommunications.

Health Care and Information Exchange

Health care is a communications-intensive process. Information
is constantly being exchanged anong providers and btetween
patients and providers relative to problem diagnoses and
treatment plans. Administrative activities depend heavily

on the exchange of information in a rapid, efficient manner
and education is inherently an information exchange process,
whether it be patient- or provider-oriented.

A telehealth system does not create new or more precise
information. Rather, it provides the capability to ex-
change information more eff: .ciently and more broadly to
improve decision-making and the delivery of health services.

Telehealth systems have been used to facilitate clinical
activities by the transmission of heart and breathing sounds,
patient Images, bacteria and tissue slides, x-rays, and
electrocardiograms. Computerized patient records have been
implemented in several telehealth systems* and a few compre=-
hensive health information systems are being developed.
Elaborate educational networks based on telecommunications
technology have been established to facilitate continuing
medical eduzation on a regional basis.

The role of teiehealth is simply illustrated in Figure 1 in
the context of the hierarchical organization that defines
most health care systems. Typically, a telehealth system
1inks multiple levels of health care. For example, a
secondary -ave facility may be connected by means of a commu-—
nication link to one or more physician-staffed primary care
sites and to other .hospitals; primary care clinics, in turn .
can be linked to satellite primary care sites staffed by
non-physician providers. Telecommunications linkages

between rhese sites can be used to provide consultation,
education, and other support services to patients and pro-
viders.

*See Appendix. This Appendix contains brief descriptions
of more than 50 current and planned telehealth projects as
well as contact persons for most projects and references
that may be consulted for addi:ional information.
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2 THE TELEHEALTH SYSTEM CONCEPT

Telehealth systems involve the use of telecommunications-—
based technology to facilitate the delivery of health
care and other related services among geographically
dispersed persons. This section identifies and describes
the components that could be used to develop a telehealth
system. Familiarity with these components, capabilities,
-and specific characteristics is the first step in con-
sidering whether a telehealth approach is appropriate for
a particular health care delivery situation.

However, descriptions of telehealth system components
would be relatively meaningless without some consideration
of the health care functions supported by these components.
Therefore, in the next few sections both the nature and
capabilities of system components and their potential
functional roles in a telehealth system are discussed.

Defin’ng the Telehealth System

A telehealth system is essentially a support s "stem. '"'Tele--
health" refers to a telecommunication-based system that
supports those functions which have long been establishad

as part of the process of providing health care services.
The nature of the support provided is simple in concept,

but vital to the health care process. Teleheaith systems
support the health care process. by providing the means for
more- effective and more efficient information exchange.
Therefore, one can consider any collection of health care
locations that exchange information as a telehealth

system. As such, informal telehealth systems are extremely
common in many present methods of health care delivery.

For example, Informal telephone consultations occur-
frequently between physicians. Administrative details
related to arranging medical conference agenda, patient
bills or records, and inventory matters ofiven are handled
through telephone conversations. Surgical cperations are
shown on closed circuit television systems fcr medical
education- 5




Telehealth Svstem Structure

Figure 2 presents a telehealth System as a network with
various locstions represented by nodes (points) connected
by links (lirzs). This network of points and lines is

the most general form in which the structure of any tele-—
heal th system can be represented. It identifies the
participants (locations) and, through the lines connecting
them (links), indicates which rarticipants are engaged in
information exchange. From t! 1is network point of view, the
simplest form of a telehealth sSystem consists of only two
points interconnected by a line, i.e., two lcoccations
exchanging information over some form of telecommunications

linkage.

TERTIARY
HOSPITAL

SPECIALTY
CLIN:C

SECONDARY
HOSPITAL

EXTENDED
CARE
FACILITY

PRIMARY
 CARE
CLINIC

PRIMARY
CARE
CLINIC

/SATELLITE
MOBILE
UNIT

SATELLITE
CLINIC

Figure 2
A Network Representation of the Teleheaith System



Typical end-instruments include telephone instruments that
convert speech into electrical signals and reconvert these
electrical signals into sound waves at the receiving end,
electronic stethoscopes that convert heart sounds into
electrical signals for transmission purposes, and television
cameras that convert visual information into electrical

signals.

Telecommunication Links. The second basic component in a
telehealth system is the telecommunications link. Tele-—
communications links belong tc one of two classes—-—narrow—
band or broadband. Narrowband systems are typically
represented by a telephone line. They are suitable for
relatively slow rates of information transfer, including
audic (speech) communications, low—~speed data communications
(teletype-like), facsimile* reproduction, and telemetry
(physiological information translated to electrical

signals).

Broadband systems are those that can transmit information

at a relatively high rate_  e.g., closed circuit or commercial
television systems that transmit a continuocus picture,
including the necessary accompanying audio material.
Brcadcast television, cable telewvision systems, SsSome microu—
wave radio systems, and some ‘atellite communications

systems are examples of broudpand transmission systems.

-

Communication link capabilities, therefore, range from those
that can carry only speech information to those that can

carry video information.

Basic Telehealth System. The simplest telehealth system
consists of (1) an end-instrument that translates physical
pPhenomena into electrical signals which then are transmitted
over (2) a narrowband or broadband communication link and
(3) an end-instrument at the receiving point that converts
the received electrical signal into a form suitable for the
particular health care function beii.g performed. ,

The nature of the end-instruments is related to the specific
health care function being performed. For example, ‘
different types of end-instruments would probably be required
for medical diagnosis and administrative coordination. The
nature of the telecommunications link, however, is niot

*Facsimile is the transmission of printed or wvisual material
from a hard-copy (paper) input to a hard-copy output at the
other end of the communication link.
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Within this simple configuration, end-instruments and a
communications link form the two basic technical components,
or system elements, within a telehealth svstem. Figure 3
illustrates these two basic elements.

TELE-
END-INSTRUMENT COMMUNICATIONS . END-INSTRUMENT

| LiNK |
' |

INPUT TRANSDUCER } T—'OUTPUT TRANSDUCER
' |
l |
I |
| |

rigure 3

Basic Teilehealth System Elements

End-Instruments. End-instruments are the transducers that
interface between human participants and the link of the
communication system. The input transducer converts a

bhysical phenomenon, such as speech, into an electrical

signal; the telecommunications link transmits the signal some
distance; and the output transducer converts the received
electrical signal into a representation of the input phenomenon.

1




specifically related to the function being performed. Rather,
the telecommunicatiors link must be suitable to the type of
electrical signal which is generated by the end-irstrument
and which must be transmitted over the telecommuni-~ations
line. In that sense, the telecommunications link is
"transparent' to the type of information being sent.

However, there are significant ccst differences be tween
narrowb- d and broadband telecommunications links and these
may cc rain the type of link that can be used. The end-—
insts - should be selected to do the most effective job

within, ... ~straints.




3 EWJNCHTCHWALHAPPLRJATHJNS(DFfTELE}HEQLTTlSYSTTRHS

A telehealth system is specifically aimed at facilitating
timely information exchanges among patients and profz2ssionals,
especialiy where the users are separated by great distances.
These exchanges of information have been categorized into .
three functional applications of telehealth systems:

e« Patient care/management

e Administration
o Education

Patient Care/Management Applications

Patient care/management covers the broad scope of informa-
tion exchanges related to the care of individual patients.
Although the scope of these information exchanges may vary
over the entire range oI patient-related services, three °
types of information exchanges characterize patient care
activity in a telehealth system. These are designated as
(1) diagnosis, (2) consultation, and (3) instruction.

Diagnostic Information Exchanges. Diagnostic exchanges

are those in which information flows mainly from the patient
level to the provider level. Diagnostic exchanges may
involve the transmission of patient history information,
vital signs, test results, telemetry, or visual images of
the patient. The important factor in this type of exchange
is the crientation of the telehealth system to provide maximum
information flow from the location of the patient to the
location c¢cf the coasulting provider. This type of flow is
generally 1eferred to as "upline'", since it is typically
ascociated with information flowing from primary ov secondary
care levels to higher care levels.

11




Consultative Information Exchanges. In contrast to
diagnostic information exchanges, consultative exchanges

are more interactive in nature. They can be characterized
as information exchanges in which significant amounts of
information may be flowing both from the patient location to
the consultant ard in the reversce direction. Consultative
exchanges may involve discussion of patient—related data,
d=velopment of treatment plans, and similar types of coopera-
tive activities in which information flow in one direction
is likely to elicit information flow in the return
direction. Note that the kind of information that flows

in one direction may be quite different from that in the
opposite direction. For example, patient test data flowing
upiine may result in verbal questions or possible interpre—
tations flowing downline. Telehealtn consultation support
may also flow '"at the same level'™. For example, hospital-
to—hospital exchanges may occur when the consulting
specialist is located in a hospital.

Instructional Information Exchanges. Instructional
information exchanges represent information flows that

are heavily oriented in the downline direction. An

example is the passing of "instructions'" from the consulting
provider to the patient location. These may be instructions
Lo a patient on the management of his problem, technical
instructions to a non—physician provider or emergency
medical technician on particular therapeutic actions to

be taken, or even the transmission of prescription orders.
Instructional information may involve speech, data, and
visual communication.

The potential benefits accruing from the use of telehealth
in patient care management derive primarily from the
isolation of rural health delivery systems. Rural health
care needs often go unmet because of the lack of local
health care resources and the severe cost and time
penalties associated with travel to sources of health care.
In rural situations where no physicians are available,
telehealth may provide faster resolution of difficult
rural health problems by permitting local non-physician
providers to resolve these cases without referring the
patient to a distant source of expertise. For example,

in an analytic study of non-physician staffed primary care
clinics, MITRE found that the local capability to provide
care may be,extended significantly by use of telehealth
technology. Based on data from nearly 300,000 Navajo
Indian encounters in 1974, application of the full range
of telehealth technology, including the telephone, could
have reduced referral--rates by approximately 50 percent.

1z
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In addition, for rural emergencies, telehealth systems may
permit more rapid and authoritative determination of appro-
priate stabilization activities and the need for patient

transfer.

In rural situations where physicians are available. the need
for specialist consultation is still significant. Telehealth
systems can not only assist in the subjective reduction of
professional isolation, but can also provide consultation

by specialists for the remote physician primary care provider.
Such consultative services help to improve the continuity of
care available to rural patients and serve to expand the
available range of information and experience.

In some cases, telehealth systems may provide the only
practical way for a patient to receive needed specialty care.
Some rural patients may be umable or unwilling to make the
necessary trips to obtain face-to-face specialist assistance.
The extent of the hardship involved in physical referral in
rural areas is often not recognized. For example, in the
northeastern area of Kentucky's Appalachian Demonstration
Region, half of the residents do not have automobiles or

telephones. The problems of specialty referrals and even
of return .visits to the local clinic are evident under such
conditions. Thus, a primary care physician may particularly

appreciate having the capability to offer a specialist’s
input for the care of a patient who is not able to travel for
referral and may not return for a follow—up visirt.

Major benefits of telehealth systems as related to patient
care are of two types. The first is aimed at bringing greater
expertise to bear on patient problems. This has direct im-—
pact on the guality of care that can be provided as well as

on the accessibility of that care to rural patients.

The second benefit is to help reduce professional isolation——
improving the skills of rural providers by linking them with
other providers at all levels and making rural providers part

of a larger health care system.

Administrative Applications

Potential applications of telehealth systems to administrat.ive
rural health caré activities span a very wide range. These
activities include generation and updating of patient records
and bills, maintaining inventory and supply records, exchang-
ing information with third party insurers, recording labora-—
tory test results, and scheduling patient appointments. These
examples largely involve the generation, transmission,
recording, and processing of data.
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Other types of administrative applications involve inter—
personal communications, including communications among
health care system providers, administrative personnel,
and health care auxiliaries. They may involve such topics
as scheduling, wvacations, new practice policies, forms
development, and personnel problems.

Telehealith systems can be particularly effective in both
the data and the interpersonal forms of administrative
applications. In those applications related to dara,
particularly where computer systems may be involved,
telecommunications already are established as a wvaluable
and effective tool. The key to successful rural applica-
tion of these well-established techniques is to design
economical and efficient telecommunication and computer
systems tailored to small practices and rural hospitals.

Administrative applications involving interpersonal
communications are normally conducted using the telephone.
In rural situations such applications frequently are more
complicated and costly becau e of significant distances
and the conseguent need for long distance telephone calls.

In addition to purely voice coxtnunications, wvisual
cominunications can play an eirfective pagt in such adminis-—
trative activities. A body of research exists which
indicates the benefits of visual communication in certain
types of interpersonal information exchange. One telehealth
project claims that two-way television capability between
rural satellite clinics and their main group practice

has greatly enhanced a sense of ''practice coherence'. This
has been attained through numerous and regular wvideo
teleconferences involving the staff at each of the clinics
for the resoluticn of a wide range of administrative and

medical problems.

Educational Applications

Educational applications of telehealth can be classified
conveniently into those that are provider—oriented,
directed toward physicians and non-physici. 1s, and those-
that are patient-oriented.

Physician Education. Typical physician education applica-

tions include the remote attendance of physicians at

various types of medical lectures or ccenference presentations,
remote participation in grand rounds, and a variety of
continuing medical education courses.

Remote attendance situations can be accomplished by means
of television or radio broadcasts, either live or taped.

14



These represent the 'one—to—many" type of educational trans—
missions where the information flow is generally downline.

An example of this type of activity is the scheduled lecture
and discussion programs held over the Ohio Valley Medical
Microwave Network.l Lectures on scheduled topics of interest
to local physicians are held at designated locations and the
lecture material is broadcast to dispersed locations by
television. Questions and comments are transmitted to *rhe

lecturers by telephone.

Continuing medical education is a generic term which can
inciude lectures, classroom interaction, or computer-based
instruction. The most obvious telehealth application is thart
of computer—-based or computer—assisted instruction. A
significant number of courses in hezlth sciences, diagnosis,
and treatment have been developed for computer delivery. L o}
a typical course, the computer asks the student questions
based on computer-presented or text—developed materials.

The student replies, and answers are checked by the computer.
In other courses computers are used to simulate a patient's
condiction or a laboratory finding which varies with time.

The student may be asked to provide patient treatment by
recommending actions to the computer. The computer records
the results of the treatment suggestions and changes, or
simulates, the status of the narient accordingly.

For physicians located in Jeefolsvely isolated rural areas,
the ability to attend medicz ~aucational acrivirties is
severely restricted. Frequently this is the result of the
distances involved and the lack of adequate practice
coverage when the physician is absent. Telehealth systems
can assist in bridging distances and in providing oppor-
tunities for increased involvement in a variety of medical

educatrional activities.

Non—Physician Education. Education for non-physician
providers is similar to those for physicians. They differ
primarily in level and degree of detail and in the opportu—
nity for regular sessions with preceptor pPhysicians for
Protocol administration and development, training, and the
audit of non-physician provider medical activities. A rurail
medical practice in Maine’, for example, has utilized its
two~way television system to communicare among providers
located at different sites for purposes of protocol
development, record review, and protocol audit.

Significant cost savings can be achieved through the use of
telehealth systems when providers do not have to travel to
participate in educational or professional development
activities. Where telehealth system technology is not
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available, the educational cpportintties are often foregone
because of the significant travel burden.

Patient Educacion. Patient education may be classified i=n
terms of its intent, which is usually prevention or

disease management. Preventive patient education activities
include dental health, personal hygiene, prenatal care,

anc. breast self—-examination. Such educational programs

have been conducted over commercial television, public
television, radio, and similar forms of broadcast
communications. This form of telehealth system utilization
is a substitute for people meeting to receive direct

instruction.

Disease management education takes a form similar to that

of prevention. Topics might include diabetes, obesity,
hypertension, and other chronic care problems. Education
for prevention differs from education for disease management
in that disease management requires more personalized
patient instruction and, therefore, more interactive forms

of telecommunications.

The benefits of telehealth systems in the education area
are of two general types. First, telehealth systems may
substitute communication for more costly travel. Second,
telehealth systems may provide the means for educational
activirsies which would otherwise not be available.
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4 TELECOMMUNICATICONS SYSTEMS—
THE TECHNOLOGY OF TRANSMISSION

The two major types of telecommunications linkages — narvow-
band and broadband - have been described briefly. This
section discusses in more detail the maior forms of these
linkages, their operating capabilities, their limitations,

and their special relationship to the functional applications
of telehealth systems. Those readers who wish to-skip more
technical aspects of the discussion of telehealth systems

may prefer to omit this section, and section 5 which describes
and classifies typical end-instruments used in a telehealth

system.

Narrowband 'elecommunica.ion Systems

Narrowband systems provide the capability of transmitting up
to 3,000 cycles of information per second. This bandwidth is
sufficient for the types of communication listed in Table 1.

Table 1
Narrowband Communication

® Audio or Speech Communication
® Telephone, radiotelepnone

® Telemetry
® EKG, electronic stetho=cope

® Data/Record Communication
® Low-speed data communications at 10 to 39

words per minute rate

® Still Image Transmission
Facsimile
Slow—scan television
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Two basic forms of communication used for implementing
narrowband transmission are wireline systems ard radio
systems. The most important wireline system for purposes
of telehealth is the telephone system. The most common
form of radio system used in health care delivery is mobile
radio which is used extensively :in support of emergency
medical services.

The Telephone System

The telephone system has become such an integral part of our
society that it usually is not thought of as a formal
communication system--~it simply is there. The telephone’s
ubiquity, coupled with its high degree of performance,
reliability and operacional familiarity, makes it an extremely
valuable resource ror .telehealth applications. The telephone
value is further enhanced by the fact that any telephone
instrument can be interconnected with any other instrument

in the country through the switching network. The distinction
between point—-to—point and switched networks is illustrated

in Figure 4.

/i B i ) €
Br \ //'E SWITCH SWITCH}—e F
A‘ o o F A 5
Figui—e 4a Figure 4b
Point-to-Point Network Switched Network

Figure 4
Point-to-Point and Switched Networks

Structure of the Telephone System. Figure 4a shows a simple
communication network in which a message from A to E must

go through B, C, and D. Similarly, a message from B to D
must also go through C preventing the’r simul taneous use of
the network. A switched network, which is represented by
our present telephone system, is shown in simplified form in
Figure 4b. This type of system allows simultaneous
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utilization by a number of parties. A can go through the
switches to E while B and C, as well as D and F, are connected
simultaneously. Many paths are available between switches.

system is so widespread geographically,
numerous devices have been developed to permit end-instrumert
interfaces. The most familiar interface device 1s the acoustic
coupler. This permits -data communication devices such as
teletypes and computer terminals to be connecred to the tele-
phone system by placing the telephone receiver in the

cradle of the coupler. This, and similar interfacing devices,
permits the telephone system.to be used with a large number
of end—instruments without direct wiring of the devices to

the telephone line. These interfaces enable the telephone
network to be used for the transfer of voice data, facsimile,
slow—-scan video, or telemetry information. It should be
noted, however, that the signals of other than voice devices
must take turns transmitting in a two-way, two—-wire system.
This is known as "half-duplex'" transmission.

Because the telephone

Telephone System Economics. There are significant economic
benefits in using the telephone system. Since the system
already exists, no significant capital investment is required
for telecommunications links. Further, the systewm is pro-
vided as a service and thus requires no user maintenance or
overhead activity. Telephone system service generally is
pald for on a per-call basis and is added to a basic monthly
connection charge. Often single—-call charges are made for
local calls while ''time—and-distance" charges are generally

made for long—-distance calls.

Although the quality of the telephone system linkage 1s good,

upon occasion the switched system may generate rourings of
individual calls which result in poor transmission. Where
the circuit quality is of crucial importance to the user,
full-time leasing of a ""dedicated” line may be obtained.

This type of service provides a fixed routing which, for a
fixed monthly cost of about five dollars per mile, is always

available to the user.

In a rural telehealth sys-em, telephone users typically are
at locations regulated by long—-distance rate tariffs. To
minimize communications costs, telephone lines must be used
as efficiently and as quickly as possible. Long—-distance
telephone use is not limited to a time—-of-use basis. WATS
(Wide Area Telephone Service) which is characterized

by package billing for long distance calls made within a
specific time period, is becoming quite extensive. The

significant monthly charge for WATS service is economically

attracrtive, however, only if a large volume of calls must

be made.
19
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No general guidelines can be given about the typical

cost of a telephone—based telehealth system. The cost per
month will depend upon a large number of complex factors,
including the number of sites that must be interconnected;
distances between sites; the volume of calls between the
various sites; the length of individual calls; when calls
are made; and which sites in the network are located
within the same local, state, or WATS calling regions.

Selection of service altermatives and estimates of s
operating costs are co.aplicated by the fact that al though
interstate long—distance rates are set on a national basis,
intrastate long—distance rates are governed by state
utility commissions and differ from state to state. Thus,
tradeoff analyses for selecting the best network configu-
ration to use in a telephone—-based telehealth system for
cne rural location will not necessarily apply in another
location.

An example of a hypothetical system illustrates some of
the factors. Fixed telephone rosts for two telephone
numbers on separate lines are $60.00 per month. Variable
costs for intrastate long-distance charges during the day
and occasionally at night (30 calls per month at $1.00 per
call) are $30.00 per month. Thus, the basic telecommuni-
cations costs are $90.00 per month for telephone-only
telehealtcth support. Telephone systems are not likely to
be more costly than alternative approaches to telehealth.
On the contrary, despite the long—-distance charges, a
telephone-based system is likely to be the least expensive
approach for telehealth systems..

Specialized Telephone Devices and Services. Another major
factor in the attractiveness of the telephone system is the
availability of many specialized devices and services which
increase its flexibility. These devices and services may
be grouped as follows:

1. Addaitional local capability

hands—fr=ze telephone operation (Spea’:erphone)
call—waiting

call—-forwarding

conference bridging

automatic answering

2. Cost improvement of service
® WATS service

3. Quality improvement of service
o dedicacrted and conditioned lines

20
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4. Radio extension of telephone service
e pager
® pager plus voice
® mobile radio telephone

Additional Local Capability. This category includes a number
of capabilities that can be obtained from a local telephone
company or by the addition of hardware at the subscriber's
terminal. One is a hands—free capability that allows one or
more persons to have telephone conversations without the

need to hold the telephone. The equipment consists of hard-—-
ware which allows the user to push a switch, hang up “he
handset, and continue tbte conversation, generally from
anywhere in-a room. This type of device, although simple

and familiar, can be an extremely useful adjunct for medical
consultation during a patient encounter. The same hardware
also can be used effectively for administrative or education-—
al purposes with group participation at a single telephone
location and all parties equally involved in the conversation.

Call—-waiting is a service that provides a person using the
telephone with a signal indicating that an incoming call is
ringing. The subscriber may put his present call on "hold"
and answer the incoming call. The second call may also be
pur on "hold". Such a service is useful in emergency

situations.

Several additional advantages accrue from such a service.
First, it may not be necessary t£o have an additional tele-—
phone number with its associated fixed monthly charge;
second, potential patients may not call again if thevy receive
repeated busy signals. The call-waiting service is available
only from telephone companies and only in selected liocations.

Calli-forwarding enables the automatic relayving of an incoming
telephone call to a different number than the one originally
dialed. The simplest form of such a capability is the

ser vize that can be obtained from some telephone companies
fo: s-proximately $1.50 per month. It permits the user to
designa:e 2 single number to which incoming calls will be
transferred automatically whenever a switch is thrown on

the telephone instrument. Customer—purchased call-forwarding
hardware may be attached to a standard telephone instrument,
permitting the user to enter the additional number to which

incoming calls may be forwarded.

The use of call-forwarding equipment is attractive for a
number of rural health situations. For facilities that are
staffed only part—-time, call-forwarding services could
automatically redirect inquiries to a location where a
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provider is awvailable on a 24-hour basis. The use of call-
forwarding to provide back-up service for rural sites
staffed by non—physician groviders was investigated in a
recent feasibility study. This study demonstrated that
use of call—-forwarding in combination with direct—-distance
dialing would permit a group of five nurse practitioner-
staffed clinics to rotate their after—-hours back-up
services. These clinics, separated by as much as 200 miles,
could have their after—-hours calls handled by one of the
five practitioners on a rotating basis. If the caller
required personal assistance, the back-up nurse practitioner
would notify the local nurse practitioner. Alternatively,
after-hours calls could be routed automatically to a

distant hospital emergency room which would assess the

need for direct local assistance. This kind of technology
would be very helpful in communities that are too small to
support more than one nurse practitioner.

Conference bridging permits several locations to be inter-
connected for a group conversation. Conterence calls are
particularly attractive for consultations involving multiple
locations. For example, a non-physician provider may be
d sScussing a case with a distant preceptor who wants to
>nsult a specialist remote from btoth of them. Conference
calls are also useful for administrative and educational
applications. However, the rate structure for conference
calls, which would generally involve operator-assisted,
long—-distance calls,*may be excessive for frequent and

lengthy educational activities.

Answeri-.g services, a common telephone system feature, allows
incoming calls to be diverted to an individual who takes
messages for persons not available to answer their own
telephones. However, there has been a great increase
recently in the use of automatic telephone-—answering devices.
These devices play a taped message to incoming callers and
usually permit the caller to leave a recorded message for
later playvback. Automatic answering can be used in rural
health applications in lieu of call—-forwarding. For

example, the recorded message played to the cal’er could
indicate a number for itne caller to dial if immediate help
were needed. If the condition were not considered urgent by
the caller, a message could be recorded asking for an appoint-
ment or requesting a call from the provider during regular

clinic hours.

*Telephone systems with Electronic Switching Service
can provide 3-nparty conference bridging without operator

assistance.
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Cost Improvement Services. Telephone companies offer many
speclal cost reduction services. The Wide Area Telephone
Service (WATS) is the most prominent and the most applicable
of these services for telehealth systems. Outbound WATS
permits an unlimited number of calls to be made from a single
number within limited geographical regions for a fixed
monthly charge. Some restriections, such as in the number of
hours of use, may exist. . Inbound WATS permits an unlimited
number of incoming calls to a single number from outside the
local calling area without the caller incurring long-distance
charges. This is the familiar toll-free 800 area number
used extensively by business organizations. WATS may be
obtained for intrastate as well as interstate services.

Quality Improvement Services. There are occasions when the
quality of telephone service is inadequate. This may be due
to switching problems (disconnects, false busy signals, or
large noise tran—~fents that destroy information, poor line
quality such as ¢: >s-ralk from other phone conversations, or
low signal level- > Tiese problems are particularly prevalent
in rural lines* - : c-atral offices. Although the inherent
redundancy of s =h < .ten permits conversations in spite of
such problems, »errvptions are verwv distracting. In image
transmission, - qu:. 11ty can render the system useless.

-

An improvement I - 2. sice quality can be obtained by the
leasing of ded .-: .4 lines. Leased lines are between spe-—
cific pcints, thc; are always connected, and they are not
switched. Lines a.so may be selected to provide lower
levels of interference and conditioned to minimize other
transmission problems. Such conditioned lines are espe-—
cially useful for the transmission of digital (computer)
data and slow—scan images. Costs of leased and conditioned
lines vary widely, ranging from $.50 to $8.00 per mile per
month, depending upon locally or federally set tariffs.

Radio Extension of Telephone Service. Two types of radio

extension services are used frcecquently in health-related
communications to link the telephone system to mobile users.
These services involve the use of pagers or mobile radio-—
telephones. Most physicians are familiar with paging services.
Theilr simplest form relies on the familiar "beeper" which is
activated upon receipt of a coded radio transmission. The
Pager emits a tone to alert the person being paged to

initiate a return call through the normal telephone system.

*There are more than 1600 independent telephone companies in
the United States, many of which serve rural areas.
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Paging systems are available which interconnect directly
with the telephone system. In this type of system the
person initiating the page can dial an additional series
of digits to initiate the automatic paging transmission.
These services may be used to alert health care providers
or to facilitate administrative activity.

Paging services need not v limited to a simple ''beeper'.
There are systems which pe-mit a ten-second message to

be broadcast to the receiver indicating, for example,

what number one should call or to what location one should
proceed. Only the designated recipient hears the message.
This service does not permit the person being paged to
return any messages via the radio link.

The mobile radiotelephone involves the coupling of radio
transmission to the wireline telephone system, thus estab-—
lishing a link between a moving wvehicle and a fixed
telephone station. In some instances these services are
completed in a semi—automatic fashion, requiring a telephone
call to a special mobile phone operator for completing the
connection. In most cases the system operates automatically,
with the dialing of the mobile number automatically ini-
tiating the interconnection teo the ra .io link. Such
services are used frequently in heal’n applications to

reach mobile providers or administrators with whom inter-—
action is necessary or who must be alerted to the need for

specific action.

Summary of Telephone Systems. The foregoing parasgraphs
have described a number of the services and capabilities
cf the telephone network and have indicated the advantages
of the telephone system; namely its ubiquity, switching
capabiiities, low cost per individual use, lack of capital
investment for transmission links, ease of access, and
reliability of service. In addition, several specific add-
on capabilities have been cited for their potential use-—
fulness in relation to health care acrivities. Disadvan-—
tages in the use of the wireline telephone system include
the limited information rate of speech communications,

the possibility of lower telephone service reliability and
quality in isolated rural areas, and the costs of long-
distance calls which are l1ikely to be more significant in

rural areas.

Currently, no specific statement may be made about the
quality of rural telephone systems or the ability of

these systems to support all the services described. The
telephone companies involved in each potential application
should be consulted with respect to their capability for
supporting potential telehealth configurations.
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Radio Systems

Narrowband radio transmission systems are of two general
types —- broadcast and point-to-point. Broadcast communica-
tion is typified by commercial AM and FM radio stations.
Broadcast stations transmit at established frequencies in a
generally omnidirectional fashion. Inexpensive receivers are
available that can tune to thase frequencies for programming
that may be scheduled well in advance, and for which pro-
gramming information can be made widely awvailable.

Broadcast systems, because of the one-way, one—to-—many nature
of theilr transmission, are effective largely for general
public interest announcements or specialized educational
programming. In many areas radio systems are being used for
educational programming and special educational programs of
interest to physicians are being sponsored regularly. In
some instances special programs, received only by specially
modified receivers, are broadcast along with the normal pro-
gramming of FM radio stations. This service, known as SCA,
is available for a charge and on a limited basis because most
areas have only a few FM broadcast stations.

Point—-to—-point radio links may be established between fixed
points or between a fixed point and several moving points.
3uch radio links provide a half-duplex*, voice—grade circuit
and usually are implemented using high-power base stations
Ooperating at frequencies and bandwidths desigrated by the
Federal Communication Commission (FCC). In most mobile
operations, the high—-powered base station is utilized i-
conjunction with lower powered transceivers** in the mobile
dince there is only one channel, many users must take
cturns sharing it. Sometimes this causes "traffic congestion",
and users must severely limit their transmission time. To
obtain privacy, voice scramblers are used. Health applica-
tions generally utilize the emergency bands for emergency
services such as ambulances, and the business band for
administrative services. For rural applications, long
distances and hilly terrain often require the use of repeater
stations in addition to the base—-station and mobile terminals.

units.

Radio links offer flexibility in mobile applications and may

be substituted for the telephone system where it is not
available. However, difficulties may be associated with the

*Two—way communication limited to one direction at a time.
**A transceiver is a combination transmitter/receiver.




usce of radio 1inks. Distance, terrain, station location,
or electrical noise may impair communication quality

and reliabilicy. Also, the availability of radio channels
is limited in many areas because of the large number of
users. The radio frequency spectrum is a limited resocurce
and it has been allocated largely on a first-come, first-—

served basis.

Long~range communication is also possible via high fre-
quency (HF) radio or by satellite communications. For
very remote areas these me*~hods may be the only ones
feasible. HF radio has been used by the Navy in the ship-
to-shore operation of an experimental narrowband tele-
medicine 1ink.9 Narrowband satellite communications links
have been used in a similar fashion, both for military

and non-military applications. High frequency radio is
generally a less desirable transmission means than
satellite communication because of its greater suscepti-
bility to noise*, the possibility that the communications
path may be interrupted by fading**, and by the limited
number of channels. However, HF radio costs are low.
Because of the expense of building transmitting and receiving
facilities, narrowband satellite links generally have been
established only when other mechanisms are not available.
The cost of such facilities has dropped rapidly and time-
of-use charges are going down. Most of these links are
being integrated into the telephone network, rather than
being available as separate commercial services.

Education is the most common application of radio broadcast
systems within health applications. For point—to-—-point
radio communications, frequant applications include mobile
emaergency communications and mobile administrative support.
The use of point-to-point radio links between fixed locations
appears to be effective and efficient only when telephone
service is unavailable. For example, the National Center
for Health Services Research sponsored the installation of
2 radio link between a non-physician provider and his
preceptor physician in rural Idaho where telephone communi-—
cations were inadequate; the frequency of their contacts
increased appreciably.

*#'""Noise'" is a term used to describe various t 2 of
y?

interference, such as static.
**x"'"Fading' is a term used to describe the loss of radio

signal strength.
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Broadband Telecommunication Systems

A broadband system Is one that 1is capable of carrying real-
time video information of quality comparable to standard
broadcast television. The capacity of such a channel is
approximately 2,000 times as great as that of a narrowband
channel. Inforuation bandwidths are available between
narrowband and wideband. They are used primarily for daca

transmission.

A broadban: channel typically will carry a full-color video
signal ar. ! a. associated audio channel signal and will have
the necessar» ""guard'" bands to prevent interference be tween
signals. Alternatively, this same broadband channel can
carry 1,200 narrowband channels simultaneously using the
process of signal multiplexing. Private microwave systems
are allowed to combine multiple narrowband channels with
the video channel on one broadband transmission line. Thus,
several voice channels, a data channel, a telemetry channel,
and a facsimile or slow-scan channel can be carried simul-

taneously with the video signal.

Transmission Means. The means for broadband transmission
typically are limited to radio or cable.* Radio transmission
may be either broadcast or point-to-point. Commercial and
educational television are broadcast signals radiated in a
relarively uniform geographical pattern (i.e., ommnidirection-—
ally) to all in the area who have receivers, such as television
sets. Transmitters of this type are expensive to build and
operate, and it is very difficult to obtain a broadcast
license because of the limited number of available channels.

A group of special channels, called Instructional Television
Fixed Service (ITFS), is available exclusively for

educational purposes. These systems operate ommidirectionally
in the broadcast mode and the radiated signal usually has a

range of no more than ten miles.

Satellite communication systems are being used commercially to
relay broadcast television signals and to interconnect local
cable television svstems. Satellite systems are feasible

for the delivery of health-related ~ducational programming to
communities having cable television systems with satellite
receivers or to hospitals that wish to invest in a receiving
system. Minimum capital costs for a broadband transmitting
system are $50,000 at this time. Receive-only station costs

*The term ''cable" refers to coaxial cable which has the
capability of carrving many channels of broadband information

simul taneously.
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are less than $5,000 per terminal. Operating costs for a
broadband satellite channel range trom $300 to $1,000

per hour.

Microwave Radio. Fixed point-to-point communiciation having
a broad bandwidth is usually called "microwave radio',
although there are other cypes of transmission, such as
radar and satellite, in the microwave region. As 1ts

name implies, fixed point—-to—-point communication depends
upon a series of two-station connections. Depending upon
the line of sight betwecen two locations, they ma+ be
separated Dy three to fifty miles, with a parabolic

antenna at each end focusing the radio signal into a

narrow beam aimed at the receiving antenna. High buildings
or hilly terrain affects system routing, distances between
und locations of terminals, and costs. Each transmitter-—

receiver pair makes up a "hop".

Because a large number of broadband channels require a
large amount of spectrum, new microwave radio assignments
have steadily been moving up in frequency. At present,
most microwave users in education, industry, and business
must use frequencies in the 12 to 13 GHz band. The
allotted bandwidth in this band is 20 MHz which can
easily accommodate one video and many narrowband channels
simul taneously. Early common carrier (telephone company)
assignments were at 2 GHz, a range where radio equipment
is easier and less expensive to manufacture.

Broadband Cable. Cable is used for short distances (e.g.,
from studio, office, or control room to transmitter/
antenna) and in areas where radic licenses are not
available. Cable may be a cost—-effective alternative to
microwave radio for distances up to one or two miles,
depending upon circumstances such as the availability of
space to lay cables and the probability of the cable being

damaged.

From a technological point—-of-view, cable television systems
could be used for the entire rangz of health care communi-
cation needs. However, since locations wishing to
communicate often are not in the same community, and since
cable television systems are franchised on the basis of
political jurisdictions, it is not liltely that a cable
television system would connect all the points of a rural
heaith system. Cable systems in different communities
could be used if they could be interconnected by other
broadband transmission means and thereby made part of the

same network.
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Networks

Transmission systems can be interconnected in various
configurations. Radio and wireline networks are discussed

in the following paragraphs.

Radio. An example of a linear microwave radio network is
shown in Figure 5. This one-way (Simplex) network has three
transmitters and three receivers. If it 18 to be made two-
way, three additional transmitters and three additional
“eceivers pointing iIn the opposite direction must be added.
The same antennas and towers may be used for two-way

operations.

In networks more complicated than the simple linear one, the
switching and the transmitter frequency determinations operate
with many practical restraints upon frequency selection.

- L/A———z———zég\)

REPEATER REPEATER
(RECEIVER/ (RECEIVER/
TERMINAL A TRANSMITTER) TRANSMITTER) TERMINAL B
TRANSMITTER RECEIVER END
END
Figure S5

Linear Three-Hop Simplex Microwave Network
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Wireline. In the usual narrowband service, the telephone
company resolves the technical problems involved in installa-—
tion and maintenance of lines ‘and switching. All of the
engineering is performed for the customer, who purchases

only a service. Telephone circuits are full-duplex

. (simultaneous two-way) and because of the structure of the
network, a series of switches will allow a connection

between almost any two telephones. A large proportion of
the. investment of the telephone companies is in switching

apparatus.

It is very unlikely that an extensive video (broadband)
switched network will come into existence as long as
present wire technology is required for local loop .
distribution (i.e., from the switch to the customer's
Premises). In the future, a broadband technology based
on transmission of signals via lasers and fibre optics is
likely to emerge. However, the huge investment required
for implementation of this technology assures us that it
will be a very long time before videc transmission and
switching will be as ubiquitous as the present audio
system.




5 TELEHEALTH END-INSTRUMENT SYSTEMS

End—-instruments are the transducers that interface between
the communications system and the human beings who use it.
This section describes the most common telehealth end-
Instruments in terms of their functional and technical

characteristics, suppliers, and costs.l1O

End—-Instrument Concepts. Visual communication requires
broadband channels, whereas audic communication requires

only narrowband channels. Therefore, the only truly broad-
band end-instruments in a telehealth system are video cameras
for input and TV monitors or receivers for ocutput.

Ann additional and important information system concept is
that of storage or memory. A small guantity of information
can be stored quite readily and, if necessary, recovered at
a rate different from that at which it was stored. Storing
large quantities of information requires large and
sophisticated storage devices if the information is to be
readily and quickly retrieved. Magnetic tape has beccome

a favorite storage medium for data, voice, and wvideo

information.

The classification of end-instruments is somewhat arbitrary;
however, the following four categories are rather well-—
established areas of technological end-instrumentation:

® Audio
® Telemetry*
® Data/Record
® Video

*The term '"'telemetry” normally encompasses a broad area of
Physical measurements. However, in this handbook the term
is used only to describe instrumentation for rPhysioclogical
measurements. Mechanical and electrical inputs are not

lud - -
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The remainder of this section discusses specific types

of end—-irstruments in these four categories. Emphasis is
on thos< instruments which utilize currently available
techi:ology, requiring no new development or testing other
than what is required for interfacing items of equipment
into a single system configuration. Additional dis-—
cussion is offered on some technological possibilities
which show promise for the future, and at the end of the
section some sample telehealth system configurations

are described. These configurations indicate how end-
instrument "building blocks' may be assembled into a
functional telehealth application. Table 2 summarizes the
end—instrumenrts to be discussed and the following four
detailed tables list the types of end-instruments and their
functional capabilities, special characteristics. approxi=-
mate cost, and typical suppliers.

Table 2
Summary of End-Instruments

AUDIO

Speaker phone
Call-waiting
Cail—-forwarding
Conferencing
Automatic answering
Remote query answering
Tone paging

Voice paging :
Mobile radio service
Mobile radio system

TELEMETRY
Telephone coupler/modem

EKG .
Electroni~c stethoscope

Miscellaneous telemetry

DATA/RECORD
® Keyboard terminal
® Soft—copy output
L Hard—copy output
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VIDEO
® Facsimile, business type
® Special facsimile
e Slow-scan television
® Low resolution
e Medium resolution
® High resolution
Storage devices
Stand-alone imaging
Fibre-optic devices
Television

Audio Instruments

Earlier the telephone system was described in terrs of a
switched narrowband transmission system. This section refers
to the telephone as a speech frransducing instrument--one
which on the transmitting end transforms speech into an
electrical signal and on the receiving end transforms an
electrical signal into speech. Devices and services often
used as adjuncts to the telephone instrument are listed in
Table 3.

Verbal communication via the telephone is highly interactive
and even permits some non-verbal information interchange
through tone, phrasing, and voice nuances. The sophisti-
cation of the participants and the precision of the medical

- vocabulary can further enhance the effectiveness of speech

communication. Verbal interchanges between providers
often can substitute for the transfer of visual information.

Administrative uses of the teleprhone instrument are frequent
and familiar. Placzing orders for equipment, making
arrangements for management activities, and discussing

and clarifying record and billing information are typical
examples.

Conference call and "hands-free" augmentations of the
telephone have been used effectively in educational activities
of many kinds. Speech commun<cations can be augmented further
by mailing textual materials or other visual aids prior to
formal meetings. Telephone communication also has been used
quite- effectively as the return link in educational activi-
.ties involving video communication from an instructor to
remotely located students.

Similar capabilities can be attained with radio transmission
systems. If the radio link is simultaneous two-way (full-
duplex), its use should be equivalent to the normal telephone
However, "push-to-talk" is the most common form of point-to-
point radio communication. This is a one-speaker-at-a-time
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‘Table 3
Audio (Speech) End-Instruments

NAME : FUNCTION

(1) Speaker phone Allows hands-free telephone
communication and/or several
participants at one location

(2) Call-waiting Signals to talking user that
another call is ringing

(3) Call-forwarding Automatically forwards calls
: to a pre-selected number;

selected number may be changed

(4) Conferencing Allows users to make 3- or 4-
party bridging connections with
use of operator

{5) Automatic answering Answers phoune with tape re-
corded message and records
incoming message from caller

(6) Remote query Additional answering capabili-

’ answering . ty allows owner to retrieve
his messages

(7). Tone paging Provides wearer with signal

(beeper) that he is wanted

(8) Voice paging Provides wearer with m to 10
second voice message

(9) Mobile radio service Allows two-way radiotelephone

contac* with other fixed or
mobile sites

(1.0) Mobile radio system Same function as (9); in some
circumstances owning system
is onlv alternative A

* Available through local telephone company
** Available for purchase through many local dlstrlbutors
*** Service available from local paging operators
**** Service available from local radio common carriers
(See telephone company in yellow pages)
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FEATURES/REMARKS

Automatically senses who 1s speaking
and allows only that person to transmit;:

users take turns speaking

Permits answering and/or holding of
incoming call*

May be part of Electronic Switching Services
(ESS) package or devices; may be purchased
separately for $300-$8Q0%*%

Part of ESS package

Many variations of this device provide
different instructions and different .
incoming messages

Authorized (coded) inquiry from a remote
telephone will play back the reccrded
incoming messages

Usually wearer calls his office or some
other prearranged number for information

Voice pager often allows wearer to take
required action without a phone call

Two—-way radio may operate with the
normal dial—up telephone system

Private mobile radio i1s usually
limited to users of own network
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NAME

TYPICAL SUPPLIERS1

(D

Spealker phone

Telephone companies lease for
approximately $9/month;* purchased
device can be attached to any
telzaphone

(2)
(3)
(&)

Call—-waiting
Call-forwarding
Conferencing

Telephone company has special
Electronic Swi+ching Services
(E5S8) 'exchanges which allow these
three services;* may be ordered
singly or in combination; not
available in all locations

(5)
(6)

Automatic answering
Remote query
answering

These are available for purchase
from many retail outlets;** see
the vellow pages of telephone book

(7)

Tone paging (beeper)

Usually purchased as a servicej;***
hardware suppliers are GE,
Lynchburg, VA and Bell & Howell,
Waltham, MA

(8>

Voice paging

RCA »Mobile Jlommmunicas-ions

(9

Mobile radio serwvice

Service is usually paid for om a
monthly basis plus a charge per

(10

Mobile radioc systems

Private systems available from
General Electric, Lynchburg, VA

| k%
Je ek
kK *k

Available through -local telephone company

Available for purchase
Service available from
Service available from
(See telephone ccmpany

through many lozal distributors

local paging coperators
local radio common carriers
in yellow pages)



COST(S) PER TERMINAL

$30 to $100 purchased;
$9 peir month, leased

$5 to $15 per month for
various ccmbinations of
service

$80 to $200
$250 to $350

$21/month beeper rental
$250 purchase

$26/month lease; complete paging
system costs $3,000 up

$50/month minimum

$5,000 and up for system
pPlus $1,800 per receiver

NOTE:

The listing of typical suppliers is not complete. It
does not imply endorsement of any popular product or
manufacturers. In general, it is not known whether 7
these suppliers are prepared to give extensive appli--
cations descriptions or to engage in detailed dis-
cussions witk persons attempting to become knowledgeable
in their particular field of technology. For further

information concerning telehealth technology or
suppliers, contact Friend Skinner, The MITRE Corporation,

1820 Dolley Madison Boulevard, McLean, Virginia 22101.
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operation that is known as half-duplex. Some operational
inconvenience does exist using half-duplex radio channels,
because one speaker must wait for the other to finish

talking.

The telephone is used in virtually all non-physician-—
staffed clinics where the non-physician is the primary care
provider. Typical instances of this application are in
Estancia, New Mexico,ll and Trenton, Florida,l2 where a
nurse practitioner and physician assistant, respectively,
provide primary care services and a remote rhysician
provides supervision, consultation, and administrative

support via the telephone.

The MIST (Medical Information Services via Telephone) System
in Alabama is a highly successful example of telephone

usage for-providing consultative support to rhysicians.

This telephone service provides physicians anywhere in the
state with 24-hour ac~ess to specialists at the University
Medical Center in Bi mingham.1l3 Using WATS and CENTREX
Service, physicians may discuss specific medical problems
with specialists at the Medical Center. The speed and 24—
hour availability of the service make it attractive for
consultation on an as—needed basis.

The Medical Dial Access Library operated by the University
of Wisconsin is an example of the effective use of the
telephone for continuing education. This system contains

a library of about 500 four— to seven—-minute tape recordings
on a variety of medical subjects. The service is agvailable
to subscriber physicians 24 hours a day, seven days a week.
It also is provided by contract to all National Health
Service Corps physicians. The user consults a catalog

list of the available tapes and their respective numbers,
dials the library at the University, and requests a tape.
An operator at the University takes the call and selects
and plays the requested tape. Usage 1s divided approxi-
mately evenly between gzeneral educational and patient-—
specific conceruns. See the Appendix for a description of

this project.

Telemetry Instruments

Telemetry, as used herein, refers to the process of trans-—
ducing physiological signals into a form capable for
transmission over a narrow—bandwidth information channel.
Any narrowband physiclogical signal reduced to electrical
form may be transmitted to 2 remote site. For example,
fetal and intensive—-care monitoring have been conducted
remotely with signals relayed from the patient to a remote
consultant. Examples of telemetry instruments include an
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EKG, EEG, electronic stethoscope, and blood-pressure
transducer. All of these have been configured to inter-
face with a telephone line, either by acoustic coupler
or direct electrical connection. Table 4 1lists typical

telemetry devices.

Transmission of EKG signals and remcte reading by cardiol-
ogists is a relatively common practice. In addition, the
use and acceptance of computers for EKG screening and
interpretation has increased in recent years. It is esti-
nated that approximately 2,400 sites are using computer—
assisted EKG interpretation to process approximately four
million EKGs ani.aally. Approximately 60 percent of the
requastors are hospitals or clinics and about 40 percent

are physicians in private practice.l4%

Telemetry need not involve the real—-time interaction of a
remote consulctant. Remotely received information, such as
EKGs, may be stored for later review and the results may be
transmitted verbally, through a computer printout, or
through mailed reports unless time is considered crucial.

The electronic stethoscope is a telemetry end—-instrument
of considerable bpotential interest in rural primary care
settings. The device acts as a normal stethoscope, but it
amplifies cardiac sounds. An attachment also is available
for recording heart sounds on a standard cass=2tte tape
recorder. This permits recorded sounds Lo be submitted to
computer analysis with complete power spectrum and phonocar-—
diogram output. Heart sounds may be transmitted over the
telephone lines and recorded at a remote site for later review
by a consultant. The output from the electronic stethoscope
also may be attached to a distribution device that allows
simul taneous reception by a group of observers for
educational applications.

Other physiological measurement/computer applications that

are becoming more common include pulmonary function testing,
interpretation of radioisotope scans, and blood gas analysis.

Data/Record Instruments

This category of end-instruments includes Teletype—like (TTY)
and facsimile (FAX) machines (see Table 5).
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Table 4

Telemetry End—-lnsfruments

NAME FUNCT ION FEATURES/REMARKS
(1) Telephone Allows coupling of Primarily used for
coupler/ telemetry instrumen- overations where a
modem tarion to telephone temporary hookup
system must be made be- -
tween instrumenta-—
tion cf rhe
telephone system
(2) EKG Transmits electrical Often combined with
(ECG) heart activity defibrilliator in a
portable unit; plugs
into radio or
telephone lines
(3) Electronic Permits transmission Has higher fre-

Stethoscone

of heart and cavity
sounds over tele-—
phone lines

quency response
than conventional
ste thoscope

(4)

Miscellaneous
Telemetry
(EEG,
Pulmonary,
etc.)

Transmits any
physiological in-
formation thart
exists as an
electrical signal

Any physiological
signals tnat have
low information rate
signals can be sent
over narrowband tele-
phone lines

1 NOTE:

The listing of typical suppliers is not complete.
It does not imply endorsement of any popular

product or manufacturers.

In general,

it is not known

whether these suppliers are prepared to give extensive
applications descriptions or to engage in detailed _
discussions with persons attempting to become knowledge—

able in their particular field of technology.

For

further information concerning telehealth technolsgy

or suppliers,

contact Friend Skinner,
1820 Dolley Madison Boulevard, McLean, Virginia

22101.

The Mitre Corporation,



TYPICAL SUPPLIERS{ COST(S) PER TERMINAL

EMR, Sarasota, FI, is a compo- $S200
nent supplier for original
equipment manufacturers

Datascope, Paramus, NJ $4,500
Marquette Electronics,
Milwaukee, WI

Heart Sound Reproductions, $150
Temball, TX

Hewlett/Packard Medical Not applicable
Electronics, Waltham, MA
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Table 5

Data/Record End-Instrumeants

NAME

FUNCTION

FEATURES /REMARKS

)

Keyboard
terminal

Acts as alphanumeric
data input device for
a computer or communi-
cations system

Usually combined
with a display
or hard-~copy
capabilicy

(2)

Cathode
ray tube
(CRT)

Displays alphanumeric
data on screen

Many displays
are ganerated by
keyboard input;
are ''smart" or
"dumb" depending
upon whether they
can stand alone
or require a
host computer;
usually are
interactive

(3)

Printer

Printed paper output
for permanent alpha-—
numeric record of
traasactions

Printers are peri-
pherals that
simply record the
data; they are
often combined
with input de-
vices (keyboards)
and CRT

displays

INOTE:

The listing of typical suppliers is not complece.

it does not imply endorsement of any popular

product or manufacturers.

In general, it is noc

known whether these suppliers are prepared to give
extensive applications descriptions or to engage in
detailed discussions with persons attempting to
become knowledgeable in their particular field of
For further information concerning

technology.
telehealth technology or suppliers,
MITRE Corporation,

McLean, Virginia 22101.

oD

contact the

1820 Dolley Madison Boulevard,



__ TYPICAL SUPPLIERSY COST(S) PER TERMINAL

TeleType, Skokie, IL $500 to $1200; bare key-

T2xas Instruments, Houston,TX board iess than $100 in
large quantities

Datapoint, San Antonio, TX 3800 to §5,2C:

Infoton, Burlington, MA
Perkin—Elmer, Tinton Falls,

NJ

Digital Equipment, Maynard, MA $1,00C to $5,000
Texas Instruments, Houston, TX
TeleType, Skokie, IL
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Teletype (Alphanumeric) Data Transmission. Most teletype
machines are no longer the clanking mechanical devices

of the past. New keyboard-inpurt, printer-output devices
are faster and quieter. The newer devices typically
transmit at a sel ctable 10-, 15-, or 30-words-per-minute
rate over a voile—grade, narrowband line. The same

machine 1is used for both transmitting and receiving and
also can make a copy of what it is transmitting. Some
machines punch a paper tape, some record on magnet Ic tape
for later transmission, and others print. If a printec
record is not required, then a TV-1like display may be
utilized. The text can be viewed on a cathode—ray-tube
terminal at both transmitting and receiving ends, and a
limited number cf iines of text may be stored and retrieved.
If a telehealth system is configured to store and search
records using a computer, these data communications devices
become important end-instruments.

A variety of computer applications are available in the health
field. Computers may be used locally or remotely to support
patient care as well as administrative functions. Adminis-
trative services are widely available through commercial
computer time- sharing services, associations or groups of
hospitals, and computer facility sharing. Applications ia-
clude computerized billing and accounting servicesl5,
production of financial reports, and processing and prepara-

‘tion of medical and administrative records for management

purposes. Complete comruterized medical reccrd systems heve

been developed for hospital applications and group practices,
and are likely to become zvailable shortly on an economically
attrnrctive basisl6s, 17 gyen for small practices.

Computer systems may also serve educational purposes in
rural areas.l8 Computer—assisted instruction is currently
used in training new physicians and in providing continuing
education. Data communications are essential for bgrin-in
these diverse capabilities to rural health systems which
cannot afford stand-alone computer facilities.

Image-Tynre Data Transmission. Data and records- alsc may be
transmitted by means of facsimile (FAX) equipment. These
devices transmit pictures from one lccation tc znother over
narrowband links. Facsimile is versarile and if the traffic
(number of individual documents) is feirly low, it can be
utilized effectively for ine transmiss.ion of pictures,
written records, signatures, and charts such as EKG tracings.
Most systems use the same terminal for transmitting (input)
anc receiving {output). This type of terminal is called a
""transceiver'. It requires a narrowband communication line,
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al thoughr some machines are designe for faster or more
detailed picture transmission over somewhat greater band-

width lines.

The photograph or printed document to be transmitted is
scanned, line-by-line, in a manner similar to a television
scan. Since the bandwidth of the communications channel
does not permit the picture elements to be transmitted at
a4 high rate, 1t takes from 4 o 16 minutes to transmit a
single page. A direct relationship usually exists between
degree of resolution and transmission time. Moderate
resolution can be obtained with six-minute transmission

times.

A new type of facsimile has become available recently which
will transmit a medium-resolution page of text in 30
seconds. This is accomplished by restricting the image tone

to either black or white; no gray scale is possible. With
high quality FAX machines, seven gray—levels are discernible
and over 90 lines per inch are resolvable. Table 6 provides

information regarding facsimile transceivers and other image-
type devices.

High-resolution facsimilec equipment that utilizes lasers

for scanning the material to be transmitted is comirercially
available. Deve.opmental configurations can provice vari-
able resnlution of up to 250 picture elements per inch over

" .4 inch length and 1,000 picture elements per inch over
-wur inches. Such svstems use dry-silver film which is
developed on-liine to produce ready-to-usec Sutput including
x—rays of diagnostic quality. Although not vet commercially
available, these developmental systems may become competitive
in the future, particularly where extremely high resolution
is required. These devices have been designed for data
transmission at 56,000 bits per second, which is considerably
higher than can be transmitted over normal teiephone lines,
but considerably lower than video transmission rates.

Video Instruments

End-instruments that capture, transmic, and display wvideo
information take a wide wvariety of forms. However, all wvideo
instruments involve the use of some type of camera.

Facsimile instruments, discussed above, could have been
considered as videc equipment because they transmit an

image which has been taken with a photographic camera.
However., this section will stress the transmission of video
information in which there is no intermediare stage to
produce a hard copy of the video image. Three types cf video

end—instrument -ystems will be discussed--"normal' or
45
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Table 6
Video End-Instruments

NAME FUNCTION
(1) Facsimile (standard) Transxit,/receive hard-
copy

(2) Facsimile (hi speed/ Transmit/raceive hard-
hi-resolution) copy

(3) Slow-scan television Transmit/receive video
(ssTV) image over teliephone lines
(a) low-resolution
(b) medium-resolution Transmit/receive wvideo

image over televnhone lines

(¢) high-resolution Tracsrit/receive wvideo
: image over telephone lines

(4) Stand-alone imaging Provide soft-copy (display)
imaginz manipulation and
enhancement capability

(5) Storage Devices Store vicdeo imsges for
later reuvrvieval and display

(6) Fibre-optics devices Gather optical images frow
otherwise inaccessible

places such as body ori-
fices. In conjunction with
TV or slow scan transmission

(7) Televiszion To transmit/receive moving
images electronically

1NOTE: The listing of typical suppliers is not complete.
it does not imply endorsement of any popular product
or manufacturers. In general, i1t is not known
whether these suppliers are prepared to give exten-
sive applications descriptions or to engage in
detailed discussions with persons attempting to
become knowledgeable in their particular field of
technology. For further information concerning
telehealth technology or suppliers, con:-act Friend Skinner.
The MITRE Corporation, 1820 Dclley Madison Beulevard,
McLean, Virginia 22101.
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FEATURES /REMARKS

64 or 96 lines per inch resolution; limited gray-
scale reproduction; 4 to 6-minute transmission time

Up to 400 lines/inch resolution; gray scale limited
orrly by quality of print material; 30 second to 16
minute/page transmission time )

Resolution approximately 128x128 picture elements
with 16 gr: 1levels

Resolution 256x512 pixels with 64 or 256 gray levels

Resolution 1024x1024 pixels with 246 to 1024 gray
levels N

Digital storage and image processing, pseudo color,
overlays, cursors, etc.

Instant recall--.mmagnetic disc; delayed recall-magnetic
tape

Optical input must be coupled to TV or SSTV system

Requires camera, monitor, controls and coaxial cable
or microwave radio transmission (Monochrome or Color TV)
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NAME TYPICAL SUFPLIERSY

(1) Facsimile (standard) Xerox, Rochester, New York

3M, Minneapolis, Minnesota
(2) Facsimile (hi speed/ Muirhead, Mountainside, New Jerse:
' hi-resolution) Harris Corp., Melbourne, Florida

Rapidfax, Fairfield, Connecticut

(3) Slow-scan television Robot Research, San Diego,
(SSTV) California
(a) low—resolution

Colorado Video Inc. Boulder, CO

(®) medium-resolution NEC America, Glenview, Illinois

(¢) high-resclution None commercially available

(4) Stand-alone imaging Comtal, Pasadena, California
Ramtek, Sunnywvale, California
Grinnell, Santa Clara, California

(5) Storage devices Axrvin/Eche, Mt. View, California
- Panasonic,* Sony,* JVC*
(6) Fibre-optics devices Olympus, New Hyde Park, New York
Apprlied Fibreoptics, Southbridge,
Massachusetts
Fujinon Optical, Scarsdale, New
York
(7) Television System must be custom engineered
*

Video tape recordevs are available from local distributors.
Audio tape recorders can store SSTV images; cost, $100 to
$250.
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COST(S$) PER TERMINAL

$1,750 to $3,000

$8,000 to $18,000

$1,500

$15,000 to $17,500

$60,000 and up

$8,000 to $30,000

$2,000 to $10,000
$200 to $10,000

$5,000 to $10,000

$30,000 to $300,000
and up

lNOTE: The listing of typical suppliers is not complete.
It does not imply endorsement of any popular prodact
or manufacturers. In general, it is not known
whether these suppliers are prepared to give evcen-—
sive applications descriptions or to engage ia
detailed discussions with persons attempting to
become knowledgeable in their particular field of
technology. For further information concerning
telehealth technology or suppliers, contact Friend Skinner,
The MITRE Corporation, 1820 Dolley Madison Boulevard,

McLean, Virginia 22101.




"standard NTSC"* television, slow-scan television (SsTV),
and special viewing instruments based on fibre-optic
techniques. Table 6 l1lists several video end-instruments.

The Videco Camera. A television (video) camera is required
for all video systems. It is a complicated device and may
be quite expensive. The camera electronically scans an
optically-produced image and dissects it, element-by-element
and line-by-line. The resulting electrical signal is trans—
mitted and the original optical signal is reprcduced on the
receiver's picture tube using a moving electrop beam which
excites a light-producing phosphor spot. The spot is
refreshed 30 times a second and the human eye ''remembers"
each illuminated spot between refresh cycles.

There are several pitfalls for the user of a television
camera. Although most modern video cameras automztically
adjust themselves for average lighting, lighting remains a
major problem in obtaining good images. Use of the prcper
lenses, including zoom lenses, also is an important
consideration. MITRE has expended significant effort in
its Telenealth Laboratory in determining how to achieve the
highest quality and the most useful video images for tele-

health applications.

Monochrome (black-and-white) television is complex, bur the
addition of color multiplies the technical problems
significantly. Balancing of colors is extremely dependent
upon lighting, and nonprofessional camera work usually pro-
duces an inferior image quality. For medical diagnosis,
there are many unanswered questions about the usefulness of
color. The limited research experience on the effectiveness
of color in remote medical consultation/diagrosis has been
in the field o: dermatology. These results have indicated
that the absence of color does not affect the accuracy of
diagnosis, but does increase the time required to make a

diagnosis.

*NWWC stands for National Television Standards Committee.
The picture frame consists of two interlaced fields having
a teortal of 525 horizontal lines. Of these, 480 lines are
vis. hble on the TV screen. The horizontal resolution is
approximately the same as the vertical resolution.
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Ancillary camera equipment at the input end consists of
lights, lenses, mounts, camera controls, and switches.
Lighting may be critical for certain views, but most black-
and-white cameras operate quite adequately with simple room
1llumination froz fluorescent lights. Auxiliary lighting
using table top lamps or a fibreoptics-directed cold light

source often 1is helpful.

In MITRE's experience a small zoom lens with a 6:1 zoom

ratio generally has been adequate for enlarging the size of
the image to be transmitted. This zoom lens is sometimes
used with a set of '"close-up" lenses, which allow even closer
views and greater magnification (e.g., six inches away and
six times real-size images for dermatological or throat
examinations). Magnification of a 3-inch by 4-inch portion
of an x-ray to full monitor size provides moderately high

resolution.

NTSC Standard—-Quality Television. The maximum resolution
capability of a frame of commercial (NTSC) monochrome
television is approximately 370 lines in the vertical
direction. Achievable resolution with. commercial products
is betwe=an 325 and 350 lines, but typically it is less than
300 lines. Horizontal resolution is comparable. Camera and
monitor resolution in excess of 800 lines per picture is
readily available for closed-circuit applications; hoggﬁér,
such high resolution pictures cannot be transmitted ovér a
standard television channel. The transmission medi Qj?s

the limiting factor. X
1
The suitability of wvideo for telehealth app;::;::SRéJvaries

with the resolution and gray-scale requirements of the
application, as well as with the r. ,uirements for imaging

techniques in an operational setting.

Gray-scale capability refers to the number of shades of gray
and to the number of gray levels. The number of shades of
gray refers to the range, from black to white, which can be
represented by a system. The NTSC standard range is divided
into 10 shades, the relative increase or decrease from one
adjacent shade to another being related logarithmically. The
number of gray levels indicates the number of discrete steps
within the range of black to white for systems that use digi-
tal storage. Analog systems are indicated as having contin-
uous gray levels, distinguishability being limited by

system noise.
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The gray-scale range of a standard monochrome television
image is lower than the range of photographic film and
higher than that of a photographic print. In general,
however, the gray-scale limitatious of NTSC television are
not significant in actual use and the average person cannot
detect any gray-scale anomalies under normal viewing

conditions.

Presently, the most accepted area for wvideo communications
is that of education. The resolution and grav-scale
capabilities of commercial television are more than adequate
for most educational purposes. However, the limitations on
educational uses of video communications stem largely from
the high costs of video programming and the high cost of
trunsmission systems required by television.

Classroom lecture situations can be handled quite effectively
by means of video transmissions. Although such a format may
provide a '"dull" presentation, no particular operational
difficulties generally ensue. When the educational format
includes teleconferencing or similar group situations,

mul tiple camera techniques are generally required, and the
coordination of natural interactions in the video presenta-
tion becomes increasingly difficult. Complex amd expensive
studio set—ups, program direction, and control staffing

may be required.

There are numerous examples of the use of live television for
health education purposes. The Dartmouth INTERACT System, 3
the Massachusetts General Hospital System,l and the Ohio
Medical Microwave_Networkl e three of many successful uses
of live television for health education. These systems use
peint—-to-point microwave radio transmission for the %elevision

signal.

The NASA ATS-6 satellite was used for a number of experiments
in primary care, administrative, and educational applications
of television.26 Notable among these was the WAMI (Washington,
Alaska, Montana, Idaho) project, which ccnducted two—way live
broadcasts between Alaska and the Universirty of Washington
Medical School. Veterans Administration Hospitals in
Appalachia also have utilized the ATS-6 satellite for
education and teleconsultation.<l The fo-thcoming CTS
(Communication Technology Satellite) system will include a
number of additional health educational experiments using
live television and satellite transmission to link separate
sites in 2 dispersed educational network.-=<
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Many medical and educationai institutions have established
closed circuit television systems to facilitate health
education and training. Television also has proved to be an
effective medical tool in a wide variety of diagnostic and
consultation situations. Notable Successes have been demon-

Strated in dermatology, speech therapy, Psychiatry, and
nurse—anesthetist supervision. The Handbook Appendix contains

descriptions of a large number of television projects.

Slow-Scan Television (SSTV)

7i.2 combined factors of consultation needs and technology
costs make the c.id-instrument technology referred to as slow-
scoin television worthy of consideration for telehealth
applications. The single greatest impediment to the use of
standard television in rural health systems is the cost of
establishing and operating a broadband channel having the
capability to transmir continuous video information.
Moreover, investigations of the medical use of video informa-
tion indicate that most information of interest may be
obtained by examining several non-sequential frames of video

information.

Principles. The concept of slow-scan television (SSTV) comes
from a rather simple notion. A single frame of video contains
a huge amount of information. Standard, moving television
Tequires a very large amount of bandwidth to transmit each
frame's information in a very short period of time (1/30th of
a second). However, a single video frame can be transmitted
using the very small bandwidth of a telephone channel if a

' considerably longer p2riod of time (approximately 30 to 90
seconds) is allowed. This concept is embodied in the equipment
referred to as slow-scan television. Table 6 contains a
listing of slow-scan hardware, costs, and suppliers.

A slow-scan television System consists of the eight major
components shown in Figure 6. A video canera is used ro
captures (he view of interest in the same manner as it is
used for standard television. The frame of video is rapidly
(1/30 second) stored in a video frame storage device. Frono
the frame-storage device, the video is slowly (60 to 90
seconds) read out by the scan converter atr a rate that can
be transmitted over a telephone channel. The modulator
accepts this signal and transmits it Over the telephone line

to the receiving end.
the demodulator extracts the slowly varying

he video scan convertrer
nformation for the frame

At the receiver,
electrical signal and rPasses it to t
which assembles the video framc of i
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storage unit. The full video frame then rapidly (within
1/30 second) and repeatedly refreshes a standard television

monitor.

Capabilities. A SSTV System operates on a principle very °
similar to the facsimilc system, using a sequential scanning
process to dissect and later assemble an image. However,
unlike facsimile, it is not limited to transmission of a
hard-copy record. The slow-scan hardware accepts an elec-
tronic image from a video camera and stores the frame for
the length of time necessary to transmit the electrical
signal over the narrowband communications 1link. Typically,
it takes from 30 to 90 seconds to transmit one frame. The
exact time depends upon the image resolution and the gray-
scale gradations required by the user. If more than one
frame is to be stored at either end of the system, addi-
tional memory may be incorporated to retain frames for

as long as it is desired.

The comparison cf presently available SSTV and FAX systems
hinces primarilyv on operating features (soft-copy vs. hard-
‘ ), input and output, resolution (FAX has approximately
t- 2 the resolution), gray-scale range (any hard-copy has

a cvuch more limited tonal range), and transmission time
{(SSTV is two to four times faster per image).

Resolution differences between slow-scan and facsimile end~
instruments may be somewhat misleading. A zoom lens on +°
SSTV video camera can effectivaly increase the resolutio.
of transmitted information by utilizing the inherent re
tion of the camera on a smaller area of interest, such as a
portion of an x-ray. This approach is not possible with
existing facsimile equipment. The gray—-scale limitations
of facsimile equipment are largely due to the print material
used for the hard-copy output. Work has been done using a
film medium for the hard-copy and this significantly enhances
the gray-scale reproduction capability for X—-ray use.

The current cost of a high-quality, medium-resolution slow-
scan transceiver terminal is between $15,000 and $19,000.

The cost of a standard facsimile transceiver is approximately
$3,000. The cost of a high-quality facsimile terminal is
$8,000 for a transmitter and up to $18,000 for a receiver.
Transmission of very high-quality facsimile could increase
the transmission time bv a factor of four to six compared to

standard facsimile.

The very limited research done to date comparing slow-scan
television to live television tends to show no significant
difference in the utility of live television with respect

to remote diagnosis, if motion is not a significant element
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in the diagnosis. Furthermore since slow-scan television
uses the dial-up telephone system for transmission, it offers
greater flexibility than live television which must ucrilize
point-to-point transmission systems. 1In a system based on
compatible slow-scan television transceivers, any terminal
can interact with any other terminal, over the telephone,

as the need arises.

Some of the capabilities of currently available slow-scan
television systems are shown in Table 7. This table indicates
the characteristics of various mecdels, including resolution,
gray-scale, storage mode, transmission time, and approximate
cost.

Applications. 1In patient-care applications, slow-scan tele-
vision provides a logical mechanism for transmission of x-
rays, pathology slides, and similar fixed-frame visual infor-
mation, as well as patient views. Present systems use black-
and-white transmission, with one exception.* The¢ absence of
color provides no limitation on x-ray transmission, but may
prove somewhat limiting for pathology applications which are
highly dependent upon (artificial) color information from
staining. To date, there are indications that color may

not be essential even in pathology studies where it has be-~
come the standard presentation forma:t. However, no¢ systematic
investigation of the effect of color on pathclogy diagnosis
has been attempted.

There have been several applications of slow-scan television
for x-ray transmission. A two-year, NCHSR-sponsored program
in Nebraska involved the use of developmental slow-scan equip-
ment for the transmission of x-rays from Broken Bow to Omaha
in order to obtain radiology consultation services. The
results indi:ated that teleconsultation, even with degraded
transmission, was more satisfactory than local interpretation
by non—radiologists.23 A Navy program has successfully
utilized a moderate resolution slow-scan television system

to assist in medical consultation between non—-medical per-
sonnel on-board ship and medical personnel on shore. 9

*A digital, full-color, slow-scan television system has been
built by Nippon Electric Company (NEC). It costs approxi-
mately $21,500 per terminal for the scan converter and single-
image storage memory. This cost does not include the sig-
nificant expense of color cameras and monitors.
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Table 7
Summary of Some Slow-Scan
and TV Devices

PICTURE ELEMENTS
VERTICAL x HORIZONTAL

STORAGE MODE (Pixels)
TRANSCEIVERS
Colorado Video Digiral (RAM) 256x256 (fast)
Model 280 256::512 (slow)
NIPPON Electric Digital (RAM) 262x226
754 TVS
Robot PLTV 530 Digital (RAM) 128x128(4)
RCA Video Voice(5) (6) Storage tube 480%x256 (fast)
. 480x512 (slow) ‘

Westinghouse Disc or 480x540 <~
Medim 11(8) digital ,
TRANSMITTERS
Colorado Videc Digiral (RAM) 256x256 o
2608B(9) 256x512
Robot PLTV 520 Pigital (RAM) 128x128
RECEIVERS ' T
Colorado Video 275 Digital (RAM) 256x256 (fast)

256x512 (slow) .
Robot PLTV 510 Digital (RAM) 128x128 )
FRAME FREEZERS(10)
Hitachi MS-100 Magnetic disc 240x512
(L TV field) ~
Colorado Video MS-200 Magnetic disc 480x512 =
(1 TV frame)
Hughes 6 39H Storage Tube 810x1080
Princeton Elec- Storage Tube 810x1080
tronics PEP-400
Arvin/Echo VDR-IR Magnrnetic disc 480x540
(200 TV frames)
VAS (100 TV Frames) Magnetic disc -30x540

-

(1) Cameras and monitors limit che range of gray from black
to white to 8 or 9 shades for al. svstems

(2) Assumes 300 to 3,000 Hertz bandwidth telephone lines

(3) NEC uses delta or differential gray scale encoding from
bit to bit to obtain approximately 8-bit gray scale

(%) Robot systems have a squars: image format (i.e., 1l:1 ver-
tical <o horizcntal ratio; 211 cther systems have 3:4
vertical to horizontal ratio.)

(5) RCA Video Voice available only z2s surplus equipment; no
longer supported by manufacturer 57




GRAY ScarLgll)

(Black to White TRANSMIT TIME(2) APPROXIMATE
Quantization) (seconds/frame) COST ($)
64 steps 34 seconds $16,0G0C
256 steps 78 seconds
8 bits effe -ive 30 seconds $17,500
(4 bits (37 data)
16 steps (4 bits) 8 seconds $ 1,695
Cont inuous (analog) (7) 30 seconds $ 1,500
limited only by noise 55 sr ~nds(5)
10 bits, limited by 120 se..ads N/A
noise(7.
64 or 256 steps 34 or 78 $ 1,500 (6 bit)
(6 or 8 bits) seconds $ 2,000 (8 bit)
16 steps (4 bits) 8 seconds $ 1,545
64 steps (6 bits) 34 seconds $12,000 (&6 bit)
256 steps (8 bits) 78 seccnds $14,000 (8 bit)
16 steps (4 bits 8 seconds $ 1,385
Continuous (analog’ /A Not commercially
limited only by noise available
Continuous (analog) N/A $ 2,000
limited only by noise
Continuous (analog) N/A , $ 4,500
limited only by noise
Con~inucus (analog) N/A $ 4,000
limitea only by noise o
Continuous {analog) . N/A $10,000
0 -l1imited cnly by noise
Continuous (analog) ? N/=z. $ 9,000

limited only by neise

(6) Camera subject must be stationary for bigh-resolution transm."  .2n

(7) Continuous or analog signals have electrical "noise" superimp._ed
on the information signal; in an image, noise looks like the "'snow"
seen on a television set when a weak signal is received; it may
vary from the barely perceptible to the extremeiy obvious

(B) Westinghouse equipment still undergoing development; specification
"subject to change or modifieationc

(9) CVI 26038 nmust have stationary image or use a frame freezer to stop
image movement during transmission

(10) These devices are used for auxiliary storage of video frames; they
must be used with a slow-scan transmitter or receiver for

telecommunications
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In a NASA-sponsored study of the effects of reduced
resolution on x-ray diagnostic accuracy, researchers obtained
results that are applicable to slow-scan television.Z24%

These results, although somewhat limited in the number of
observers and the lack of gray-scale reproduction capability,
indicated that resolutioms in the order of 200 to 300 lines
were sufficient for ‘consistent diagnostic agreement over a
wide range of conditiocns.

At least one practicing radiologist has incorporated slow-—
scan television terminals into his regular consulting prac-—
tice and has placed a terminal in his home. 22 These
terminals permit preliminary diagnoses to be _nade remotely.
The actual films are read later for verification. Results
to date have been reasonably satisfactory, despite technical

limitations of the hardware.

MITRE has investigated the applicability of telecommunica-
tions -based technology for supporting non-physician providers
in isclated rural areas. Analyses suggest that the use

of slow-scan television, for applications including x-ray
transmission and patient viewing, has a significant potential
to increase the range of primary care problems that can be
handled by a non—physician provider without patient referral.
Cost—-performance analyses of siuch systems show reduced ‘
patient cost and time per episode. Investigations of
physician—-to-specialist referrals ir rural Kentucky indicated
that the local ph¥sicians believed a high rercentage of the%r
referrals alsc could ce avoided using slow-scan television.

MITRE has recently installed slow-scan television systems for
two Health Underserved Rural Areas (HURA) projects. One of
.these applications links a nurse-practiiioner-staffed rural
clinic at Blue River, Oregon, with a hospital in Eugene. 27
The other connects an osteopath's office at Block Island,
Rhode Island, to the Rhode Island Hospital in Providence in
order to facilitate consultations for the doctor on Block

Island. '

The potential appli. ~:tions of slow-scan television systems
are not limited =z L:u.ient care. Sites equipped with slow-
scan television :ciminals can use them for administrative
and educational purposes, as well. Remote certification of
Medicaid eligibles decreases verification of billing
information, and supporting verbal descriptions and
directions with diagrams and pictures are instances in which
a video capability could enhance administrative activities.
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Slow-scrm television already has beenrn used successfully fer
educational purposes. Courses have been given at Northwestern
University to demonstrate and develop educational techn7iques
using this medium. Slow-scan television was used like a
remote viewgraph or sliide projector and thus did not require
significant revision or development ©of educational materials.
“he approach was alsc accept:ible to students. They regarded
slow-scan television as providing the same effective capabi-
lity as closed--circuit televisicn.

Despite the considerable advantages offered by slow-scan
television, operational experience with this tvpe of equipment
is relatively limited in the medical field. Resolution and
gray-scale limitations will undoubtedly restrict its utility
in some applications. However, its demonstrated capabilities:
its continually improving cost and quality ch. :ecteristics,
because of new solid-state and digital techniques; and its
utilization of the switched telephone network clearly point

to slow—scan's importance as a potentially cost/effective
teiehcalth technology.

Patient—viewing Video Devices

""Patient—viewing video device'" is a term used to describe an
equipment class thar permits the viewing of body orifices
using fib tic techbnidues. Cold light is supplied for
illumination and an image is brcught to che camera vis a
bundle of many flexible oprtical fibers. Such devices are
related to the patient-viewing microscope and similar diagnos-—
tic instruments that permit interior body views. The NASA/HEW
Papago Program, STARPAHC, uses a patient—viewing microscope
coupled to a live video transmission system, in a mobile
clinic environment.l There are initial indications that such
technology could facilitate remote physician cc sultations

to rural clinics employing non-physician providers. This is
particularly the case for consultation in conjunction with
upper respiratorv infections and ear problems.

Standard fibrescopes, which are hand-held viewing systems
with flexible fibreoptic probes, can be coupled to a standard
endoscope, otoscope, or nasal speculum for a less expensive
and less complex body-orifice viewing capability. Since the
images developed by such devices are of interest primarily

as single frames of information, these devices appear to be
highly suited for use with slow-scan television. To date,
test results have been less than satisfactory because of
image~quality problems. Current cost estimates begin at
$6,000 inciuding the necessary video camera coupling.
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Examples of End-Instrument Configurations

There are a very large humber of potentially viable combi-—
nations of equipment and techniques. In this section,

selected combinations are illustrated in a very
form. These illustrations are intended to show
more complex Information svystem can: be des_gned
simple buildi-- blocks previuvisly described.

A simple one-way video, two-way audio system is
Figure 7. This combination has often been used

health systems.
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Video and Audio System
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The video subsystem consists of an input device (camera),
2 transmission line (coaxial cable or microwave radio link,
fllustrated by § ), and a display device such as a video
monitor. The audio subsystem may utilize two telephones
.speakerphones may be used for hands~free operation); or a
mizrophone and speaker combination (not shown) may be used
&. each end. Both telephone and microrhone speaker audio
svstems have been ured successfully in existing telehealth

applications.

A tape recorder, although not shown in Figure 7, may be used
as a storage device at either the transmitting or receiving
end to record either audic data alone or audio and video
data. The extent of recorded information within a telehezlth

system aepends upon the wishes of tne users.

Fignure 8 illustrates character-oriented (alphanumeric) devices.
For record or hard-copy, commonly used devices are an input
x~vbcard and an output printer. Although the figure shows
one-way {(simplex) devices, it is far more common for each

-end-instrument to have both a transmit and receive capability.

If this is the case, the devices must take turcns transmitting
and receiving (half-duplex). Data also may be sent and
received over narrowband lines from a computer. The output
terminal may produce hard-copy or soft—copy such as a CRT
display. Data terminals are becoming extremely sophi-iicated
in their storage and computing capabilities, as well as in
their processing. The cost of computers and '"'smarc”
microprocessor-based terminals is decreasing rapidly. In
future publications, MITRE will provide considerably more infor-—
mation concerning computer technology applications in rural
health systems. :

PRINTER

KEYBOARD
P RECORD OR
A HARD COPY
! OUTPUT

INPUT/OUTPUT TIME-SHARED
USER TERMINAL COMPUTER

) —d—g®

-

KEYBOARD

Figure 8
Data-Oriented End-Iinstruments S -
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The telephone, an aucdio—-end-instrument, is shown in a
simplified system form in Figure 9.

TELEPHONE ADJUNCT ADJUNCT TELEPHONE
END-INSTEUMENT TELEPHONE TELEPHONE EMD-INSTRUMAENT
DEVICE DEVICE
. —
Figure 9

Two-Way Audio System

The telephone instrument may be couplcd with a wide variety
of adjunctive devices, a number of which are described in
Section 4. These devices do not modify the basic speech
communication function, but provide for interconnection,
switching, storage, and extension of the telephone end-

instrument.

The radiotelephone will provide a very simiiar function,
whether it is a2 private system or a service provided by
common carrier. The major exception is .that radic communica-
tion is one-way-at-a-time, and also some of the telephone

‘adjunct services are not available.

The telephone ianstrument also may bg used as a transmit or
receive device for telemetry. In Figure 10 the telephone
instruments are used to couple teslemetry end-instruments
with a narrowband telephone link.

TELEMETRY  ACOUSTIC 1o\ couoONE TELEPHONE  ACOUSTIC TELEMETRY
INSTRUMENT COUPLER COUPLER  RECORDER

Figure 10

Acoustic-Coupled Telemetry
63

=g
A
~—

. Q

ERIC )




The system illustrated in Figure 10 shows three end-instru-—
ments——the telemetry instrument, the acoustic coupler, and

the telephone instrument. Each of these performs a different
function, however, ana this seemingly roundabout way of trans-
mitting telemetry is really quite cost—effective in terms of
simple, reproducible interfacing between pick-up and the
communications link. '

igure 11 shows facsimile and slow-—scan, two kinds of end-
instruments that allow communication of wvisual information
over narrowband transmission lines. Facsimile requires
hard-copy input and produces hard-copy output. Most models
are combined transmitters and receivers (transceivers). How-—
ever, new high-speed, high-picture-quality models are either
transmitters or receivers, not transceivers. Regardless of
the model, facsimile systems operate in a half-duplex (one-

way at a time) mode.

4~ slow-scan system of image transmicsion may be one—-way, as
saown in Figure 11 or two-way. If the subject is motionless
(e.g., a photograph or an x—-ray), storage at the transmitter
end is not required. However, there must be storage of the
complete picture at the receiving end. The scan-—-converter

at the transmitter end accepts a standard video camera signal
as input and prodices a narrowband signal as output to the
telephone line. Tihe scan-converter at the receiving end
functions in exactly the reverse manner.

New technology in the area of picture element storage, by far
the most expensive part of the slow-scan system, may bring
about a2 marked reduction in storage costs. Devices are being
considered to interface video camera input to a system that
provides a facsimile-like hard-copy output. However, such
combinations are not yet cemmercially available.

Figure 12 iliustrates three systems that use different medical-
specific end-instruments as input to a video camera. The
inputs are a trinocular laboratory microscope, a fibreoptic
probe (with appropriate speculum attached), and a fibreoptic
coupled patient-viewing microscope (PVM). The video output
from the camera may be transmitted in real-time on a broad-
band communication 1link, or a single frame of the video may
be fed into a slow—-scan television system and transmitted
slowly over a narrowband channel. Normally there would be
a two-way audio link asscciated with each video system. These
three systems can transmit images that cannot be readily

'" viewed by the unaided eye. However, their utility has not
been investigated outside the laboratory.
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Figure 12
Some Medicals_pecific End-instrument Systems

This section and the previous one have discussed the trans-—
mission systems and end-instrumeats that are the technical
components of telehealth systems. Their characteristics,
adventages, disadvantages, and potential have been described
in relation to the functional application areas of patient
care, administration, and education. The following section
discusses selecting and assembling a celehealth system from
among these components and attempts to provide guidance in
deternining whether or not a telehealth approach is appro~ -
priate or feasible in a .parcicular operational situation.
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¢ TELEHEALTH SYSTEM IMPLEMENTATION

The previous sections described telehealth technolcgy and its
application ian patient care, education, #nd administration.
The purpose of these sectiors was to indicate what couwld be
done. The purpose of this section is to deal with what

shculd be done —- in other words, deciding whether telehealth
approaches would help to strengthen a particular health care
system.

In considering the question of telecommunications' advantages
in rural health care delivery, telehealth system design fac-—
tors must be addressed simultanecusly. One must first assess
the structure, needs, and problems of a health care system
and then consider design alternatives in determining whether
telehealth appears to be a sufficiently attractive solution
compared to conventional approaches.

Ideally, specific telehealth systems would be defined as
appropriate for particular health care system models. However,
as enticing as '"'standard" system design might be, they
probably will not work in practice. The unique needs of
different settings and situations. and the values placed on
specific capabilities, make the use of "canned' solutions
inappropriate.

Improving health care delivery in isolated, low-density
agrircultural areas 1is very different from improving health
care delivery in rural vacation areas with great seasonal
swings in population. Some health care systems may be con-
cerned with providing basic preventive and acute care serv-
ices because they do not currently have such services; others
may want to focus on the incorporation of specialists' serv-
ices in areas having only s primary care capability.

This section concentrates on the process of formulating tele-

health alternatives and assessing their desirability for
individual situations.
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Defining and Evaluating the Telehealth Alternatives

The process of defining and evaluating telehealth alternatives
may be considered in terms cf the five-stage process ilius-
trated in Figure 13. This process need not be rigidly ad-
hered to, but each stage s-ould be given conscious considera—
tion. The characteristics -f a particular situation may
permit simplification of some stages.

Stage I: Determination of Svstem Requirements

The initial stage in determining the desirability of a tele-
health system considers whkz. the potential system must be able
to do, and how well it has to do it. Three types of require-
rents must be defined: fiinct.onzl, structural, and performance.
Functional Requirements. Defining functional requirements

is a matter of determining what types of clinical, adminis-
trative, and educational applications will be performed by

a telehealth system. Tf = physician-based practice wants
telehealth support for spe=ciazalist consultstions, then the
types of specialists' serv :es (e.g., radiclogy, czrdiology,
pathology) should be identified along with tae types of
specialty cases for which support is desired. This apprcach
is required in order to define what type of information would
be transmitted over the communication links.

Structural Reguirements. Structural requi::ments refer to

the number and location of participants in the telehealth
network. If a non-physician provider-staffed rural clinic

is to be linked with a physician's office, the network may
consists of two points —- the rural clinic and the physician's
office. 1In a slightly more complex system, the network may
consist of a clinic and several physicians offices and/or
hospital locations. The network structure must be identified
to Jetermine how mary links will be needed and what functions
(information transfers) are associated with each of the links

in the network.

In the case of networks of hospitals, different lccations
within a hospital should be identified. Situations might
arise when consultations are needed from physicians in

several departments of a hospital. This would r~quire in-
formation transfers to individual departments in one hospital
and perhaps to consultants located at another hospital. These
structural considerations are important in estimating the
costs and operating complexities of a potential telehealth

system.

Performance Regquirements. Performance requirements usually
are stated in terms of accuracy, response time, error rate,
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Figure 13
Determining the Desirability of a Telehealth Approach
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resolution, and speed of image transmission. The minimum
capability requirements for each link and end-instrument

in the potential telehealth network must be defined. Also,
the capabilities of the persons using the telehealth cystem
ments.

pPlay an important role in defining performance require
For example, the performance required of a telehealth link
connecting physician specialists to a family practice phy-
sician might be different than if that link were connected
to & nurse practitioner or emergency medical technician.

The observaticn and processing capabilities of the people
stk>uld be considered in defining performance requirements

of a telehealth 1link.

Data Collection for Determining Requiremencts. The best
approach for determining functional, structural, and per-—
formance requirements for a telehealth system is to collect
data concerning the needs of the current health system.
These data should be based on actual activities within the
current system and may include a lcg kept by the health
care providers concerning additionail linkages or support

that would have been useful.

Table 8 contains a fairly comprehensive set of data that
might be collected by a health care system in order to
determine its requirements for telehealth support. The

data indicated in the table range from simple identification
and summaries of the types of cases and patients seen to
logs of consultation support obtained or desired.

If the information listed in Table 8 is complete and repre-
sentative, telehealcth requiremencts can be developed which
accurately reflect the realities of the specific health care

setting.

Stage II1: Identification of System Constraints

The essence of c.is step is the recognition of inherent lir-+-
tations on a potential system. These might include legal,
attitudinal, and economic constraints. The most obvious types
of constraints ar= those that may be imposed externally. For
example, a state s laws regarding the use of non-physician
providers may preclude certain telehealth approaches for
isolated rural clinics. A related constraint might be tele-
health's effect on malpractice insurance premiums. However,
information inquiries to four operating telehealth systems

by MITRE dia not reveal rate increases as a result of patient

care—related telehealth activities.

The attitudes of the community members and medicai practi--
tioners involved in a telehealth application could be a
powerful constraint. Negative attitudes may ‘gradually
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rable &

Detailed Site Data Collection

DATA ITEM

SOURCE

TELEHEALTH DESIGN
RELATIONSHIP

Number of acute patien?t visits
{by type of problem/diagnosis)

a. Inmtial
— Scheduled

b. Follow-up — Unscheguled

Number of other visits
(by type of service provided)

Visi. distribution by day of
week, hours

Number of referrals to other
physicians or institstions

{by type of physician or institu-
tion}; type of health probiem
{diagnosis); home location of
patient

Number of telephone consul-
tations by type of consultant,
consulftant location, heaith
nroblem (diagnosis), and time of
day; number and type of consul-
tations associated with referrals

Praovider estimates of additional
information transfers/exchanges
(e.g., views of lesions, x-rays, heat
scunds) that would facilitate/
improve consultations in item 5
above; identify corsultations asso-
ciated with referrais

Provider estimates of infarma-
tion transfer capabilities

(e.g.. views of lesions, v -ay:
heart sgunds) that wou-~ #.:.
referrals in item 4 above

Provider estimates of consulta-
tions that would have been
attempted if specific informa-
tion transfer capabilities {e.q.,
views of lesions, x-rays, heart
sounds) had existed. tdentify
associated patient visits by
diagnosis and time of day;:
provider [ocations and types;
patient home Iocations

EF*

EF

EF

EF/MR*""

QL.’.

SL

SL

SL

Patential frequ=2ncy of
System yse

Teteheaith charge structure:
potential system impact

Communications need; impact
on information storage

Identification of applicabie
technology; location and
frequency of activity; addi-
tional patient expense

Potential application of tech-
nology; telecommunications
link requirements; frequency
distribution of interactions

Technology applicability anc
impact estimation

Technblogy applicability and
impact estimation

Technology applicability and
potential impact; telecommuni-
cation requirements

“EF = Encounter Form
**MR = Medical Record
*esSL = Specizl Log
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change through education and experience, but the development
'of a telehealth approach may be severely impeded until such

barriers are overcome.

Most telehealth approaches are constrained to some extent by
economics. This would include limitations on capital invest-—
ment or operating funds. However, such co.:strai.ats may be
absolute or rela~zive, as in the case of operating cost being
offset by increased revenues or savings in other areas after
the establishment of the telehealth system. This would be
the case if the introduction of telehealth Jinkages brought

new pati=nts to a rural clinic.

Third-party reimbursement policies concerning non-physician
providers and teleconsultations are probably the most critical
economic/legal constraint on the telehealth field. The states'
Medicaid policies vary, . but- generally they do not provide for
reimbursement for services rendered by nurse practitioners

and physician assistants, or for certain types of consulta-—
tions.* Although some of these limitations are likely to
change through legislative action in the near future, any
relevant economic/legal constraints must be addressed carefully
in considering the desirabiliify of a telehealth system.

Stage II1: Definition of Telehealth System Alternatives.

The first two stages in the process of defining and evaluating
telehealth alternatives identify needs that should be met by
the telehealth network and constraints on the manner in which
these needs may be met. The third stage involves the defini-
tion of altermative technology approaches to satisfying the
health system's needs: This requires information provided in
earlier Handbook sections concerning communications systems .
-and end-instruments, as well as the data collected in the
process of determining telehezlth system require-ents.

For example, alternatives mignt be developed involving broad-—
‘band and narrowband approaches for providing consultation/
diagnostic support. Furthez ,” within each of the functional
applications (patient care, education, and administration),
different levels of capability might be identified. Considera-
tion could be given to a capability for (1) voice communication
only, (2) voice plus data/telemetry, (3) voice plus data/
telemetry plus video, or (4) voice plus data/telemetry plus
video plus body orifice viewing. The level chosen affects

the type and degree of consultation/diagnostic assistance

that can be provided as well as system costs. ’

*Teleconsultations suc as remote EKG interpretation are cur-

rently reimburse .
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Non—-telehealth alternatives also should be identified ard
included in all analyses of the relative advantages and dis-
advantages of telehealth approaches. For example, the alter-
native to telecommunication-based linkages between a rural
clinic and a remote source of specialist assistance might be
the provision of a mini~bus service to transport patients.
Another alternative might be the periodic importaticn of such
specialists for the operation of scheduled specialty clinics.
Each of these alternatives has different operational charac-
teristics, costs, and abilities to satisfy needs of a problem
situation. The purpose of the next stage in the process is
the comparison of such alternatives.

Stage I.: Comparison of System Alternatives

Once a set of alternative approaches has been assembled, the
next step is to compare the capabilities of these alternatives
as a prelude to the selection of a specific solution. The
alternative systems should be compared along a number of
dimensions. The first dimension of comparison is that of
functional pzrformance. The term ''functional" is emphasized
tc distinguish it from "technical' performance.

Functional Performance Capability. Functional performance
refers to the capability »~f a particular configuration to
satisfy the application needs of the system, whereas, techni-
cal performance refers to such characteristics as resoiution,
gray-scale, and transmission rates. It is not necessarily
the absolute technical capability of the configurartion that
is most important in comparing telehealth systems. Rather,
it is the capability of the entire configuration and how it
is used operationally to satisfy functional needs that showid
be the primary factor in selection of a configuration.

Therefore, two telehe: *h configurations may be compared which
utilize different video transmission systems, one of which

has a higher resolution and gray-scale range than the other.
However, if both of these video *ransmission systems provide
sufficient resolution and grav-scsle range for the intended
need (e.g., x—-ray viewing, dermavL~logy examinations, and FKG
transmission), their functional performance capabilities are
equivalent with respect to the needs of the system. A grester
technical performance capability of one of the systems would
be relevant to an extension of the system's use into new appli-
cation areas. Therefcre, this factor should be taken into
consideration under the heading of "flexibility" or '"'future
expansion capatility" of the configuration but it is not
relevant t- current functional requirements.

{. similar situation exists in comparing the capability of two
interactive broadband television systems for continuing educa-
tion purposes when one is a color system and the other is
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black and white. One should examine whether the absence of
color restricts the types of educational programs that can
be conducted. This is the functional performance capability
that is important ror compzaring the two systems.

In comparing functional and technical performance capabilities
of alternative configuratio:.s, the performace of the entire
confilguration that is being compared, not simply the capabili-
ties of specific components within the configurations. For
instance, suppose two configurations are compared which
utilize video transmission for the transmission of x-rays.

A zoom lens may provide encugt enhancement in effective
functional performance to make a lower resolution system as
effective as a more expensive system with higher resolution.
This presumes that there is some level of visual quality of
the transmitted image that is sufficient for the diagnostic
purpose, and that any incresses in visual quality beyond that
level ar¢ diagnostically unnecessdry even though they may be
emotiona .y appealing.

The human component of the telehealth system can have a notable
effect in modifying t' » functional performance capability of
the system. For examp.e, the use of medical or skilled nursing
personnel to describe color characteristics of dermatologic
conditions, or shading of microscope slides, may largely pre-
clude the need for color transmission of certain types of
images and thereby significantly reducing the cost of the
required video system. In fact, viewing the telehealth system
as a means of supporting and augmenting the verbal information
provided by trained medical personnel may be the most realistic
m-nner cf assessing the place of a telecommunications system

in th: consultation/d-_agnostic process.

Since a telehealth system p~ovi- s for enriched information
flow between users, the time required to accomplish that infor-
mation flow may be significant. Therefore, the ftotal time
required by each alternative telehealth configuration to meet
the functional needs of the system must be considered. If two
telehealth configurations are being compared, one which
utilizes slow—scan television with an 8-second picture trans-
mission time, and the other which utilizes a slow-scan _ele-—
vision system with a 78-second treznsmission time, this differ—
ence must be noted and its significance considered as part

cof the determination of functional performance capability.
Depending on the functional requirements, a lower quality
picture may be sufficient if it can be delivered quickly.

An excellent example of this type of situation occurs in the
teleconsultation services provided by Marine Medical Services
to the tuna fleet on the West Coast.”? Communication with
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the tuna vessels is maintained by HF radio circuits which
share communication channels among many users. Those channels
are subject to frequent interruption and poor quality due to
signal fading and interference and video transmission of a
minute or more could not be adequately maintained. Telecon-—
sultation via slow-scan television provides diagnostic ser-
vices to these vessels by means of equipment requiring only

8 seconds for a single picture transmission. Even though the
Picture quality (resolution) of this equipment is inferior

to that provided over other (slower) types of slow-scan sSys-—
tems, time is the relevant criteria in meeting the functlional

needs of the user.

In some cases, difference in transmission time between differ—
ent configurations, may be of no importance. For example,
assume that two altermative telehealth configurations used

for administrative functions are being compared. One con-—
figuration can transmit the data at high rates; the other

must use a much lower data rate. Assuming the major goal

of the data communication system is to complete a transfer

of medical record information, the time difference involved
might not be significant. A dedicated line exchanging the
data 7ay be used to transmit at the end of the working day
directly into a central computerized record system. In such
an application, the cost associated with the two transmiss-® -ns
o 7 not be different, and since machine—-tc-machine communi-

cation is involvecd, there is no time penalty such as a user

delay in acquiring information.

Finally, total time must be considered in making time compari-
sons. If significant set—up times are associated with one
teleheaith alternative, this distinction must be included in
time comparisons. One example of this situation is the use
of real-time television in a hospital setting where a single
location must be maintained for all system users. In such a
situation, when a call comes in for a teleconsultation, the
consultant may require considerable time to get t the tele—
vision room. This delay in access time, and its cisruptive
conseguences, shculd be considered in comparing the time
response of alternative configurations. In contrast, 1if
terminals can be placed in several locations, it may be
possible to reduce or eliminate such delays.

Financial considerations constitute another dimension for
comparing aiternate telehealth configurations. This includes
both cost and revenue-—generation facrors. The first cost
concern is that of capital investment. Different configura-
tions wili, of course, require different capital investmerts.
The second cost component is that of operating ccsts. Again,
diz 'erent configuraticns will generate differen* operating
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Capital investment costs include the costs of end-instrument

~guipment, communications equipment, and facility conscruction
or modification. Initial assessment of the first two capital
investment categories can be obtained from material contained
in this volume. The last category is dependent upon specific

local conditicns.

Since capital investment requirements preclude initiation of
the project, consideration should be given to lease versus
purchase approaches to the acquisition of capital equipment,
or to financing arrangements which might lower the initial
outlay. Where such arrangements are utilized, the amortiza-
tion and debt payments associated with the purchase of the
capital equipment may be handled as part of the operating
cCost comparisons. .

Operating Costs. Costs generally include the categories of

transmission, equipment maintenance, personnel, facilities,
and utilities. The last three categories are only indirectly
related to implementation of a telehealth system, and it is
important to point out that in estimating operating costs
associated with the technology system, only the charges that
are directly attributable to the system should be i -~luded in
cost comparisons of alternative configurations.

Transmission costs are uniquely associated with telehealth

information exchanges. These costs include such items as

the telerhone charges associated with the establishment of a
narrowband telehealth network. Maintenance costs may be
estimated as =z percentage of the cost of capital equipment,
when more specific information relative to the cost cf a
maintenance contract for a specific cenfiguration is not
available. Current technology, which involves largely solid-
state techniques, should yield average annual maintenance
costs somewhat less than five percent of equipment cost. This
may differ significantly if equipment is mobile or subjected

to severe environmental extiremes.

In economic terms, the proper way to compare the costs of
alternatives would be to compare the present values of the
future cost streams associated with each alternative. This
would take into account, in terms of current dollar wvalues,
the capital, cperating, maintena2nce, and replacement costs of
the equipment associated with the configurations. This per—
mits comparison of configurations having different replacement
cycles as well as different initial and recurring costs. Such
a detailed comparison probably is not warranted in the initial
consideration of a telehealth application, but it should be
undertaken if major network investments are being considered.
Such comparisons can also include tax aspects of the capital
investment and recurring costs. .
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Comparison of the revenue generating capability of alternative
configurations is the other major element in the financial
dimension. First, different configurations may facilitate
different ranges and volumes of services and thhereby generate
different total revenues. Second, although not considered as
direct income generation, Jdifferent ranges of capabilities may
permit other costs within the system to be deferred. For
example, in considering the alternatives of real-time inter-—
active television and slow-scan -video, differences in

revenue generating capability might exist. The more expensive
real-time interactive television could be used for a wide
range of continuing medical education purposes in addition

to its patient care uses. In contrast, the slow-scan system
would be limited to individual fixed images rtuch like a remote
slide projector. Similarly, the real-time interactive system
might attract other educationl and training services not re-—
lated to the health function and these could be used to
generate income. However, the slow-scan television system

mi ~ht be able to reach a wider potential audience because it
cz - use the telephone distribution network rather than re-—
quiring a fixed microwave transmission system.

The same income generating aspects of these two configurations
would have different effects on cost deferral. The real-time
interactive system, because of its greater range of applica-
-ions, may iresult in reductions in travel and non—-productive
time. However, administrative applications of the same two
transmission systems for purposes of transmitting images of
documents would involve no cost savings differences, despite
the higher information rate involved in the real-time system.

When looking at the cost.deferral aspects of alternative con-
figurations it is important not to credit higher capability
systems with reductions in costs that would not normally be
incurred. For example, if the altecnative to educ~tion pro—
gramming over the real-time system would be no i~vestment in
thaet educational function at all, then costs ass:-ciated with
travel to obtain the education are not really '"'cost savings'.
Cost savings can be credited to the tel health configuration
only if the educational program would hz-¢ been undertzken in
the absence of the telehealth system.

Other Factors. A number of other camabilities should be con-

sidered, although not to the same extent as the preceding
ones, in comparing alternative configurations. These ir.clude

such factors as:

1. Flexibility of Application — What other functions can be
performed with a given configuration beyond those included in
the list of functional requirements?
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2. Reliability - Are any of :the config rations likely to be
subject to problems of equipment reliability or tranmission

link performance?

3. Developmental Risk - Is any of the equipment in the
alternative configurations likely to require development
activity before they can be instalied?

4. Maintainability - Are any of the configurations likely to
be subject to significant maintenance problems, e.g., spare
parts, or contracting for services, or training of local

personnel?

5. Iraining Reguirements - Do any of the configurations
represent significantly more difficult requirements in
operating skills which might cause training needs or user
acceptance to become significant problems?

6. Privacy - Do any of the configurations piresent significant
risks of violation of personal privacy?

7. Growth Potential - Do any of the configurations offer
significantly more or less capability for future expansion
into other application areas?

The above factors can be reviewed initially by simple con-—
sideration of whether gross significant differences occur. -
At an early stage of comparison, conly major distinctions in
these factors are worth concern ccapared to differences in

Fhe major dimensions discussed above.

Stage V: Selection of System Approach

Although previous discussions addressed various methcds for
comparing features of telehealth alternatives, there is still
a need to select the "best" alternative approach. This some-—
what imprecise word, ‘'approcach'", indicates, at this preliminary
stage, that definitions of alternatives are somewhat unprecise.
That is detailed design analyses, specification, and installa-
ticn cost estimates have not been made to the extent for de-
tailed budgeting, ordering of equipment, and implementation
planning. Therefore, to speak about the selection of alterna-—
tive "approaches' is to remind the reader that small differences
between altermatives at this stage are likely to disappear when
detailed design and implementation stages are reached.
One of the alternative approaches to be considered is the
approach that involwves not using teleh=2alth. Even though
it may have scme attractive features and benefits, in some
situations telehealth simply may be too expensive or in-
sufficiently relevant to high-priority needs.

“m
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However, a decision noit tc use telehealth does not necessarily
mean doing nothing. Procedural 2nd organizational changes in
the health care delivery system may provide significant benerics
when they are appropriately used. The frequency of need, the
immediacy of consultation problems, the likelihood of patients
returning to the lccal center to participate in specialty
clinics, the availability of specialists traveling to remote
locations, and similar alternatives should be reviewed in com-
praring such approaches with telehealth. They must be con-—
sidered as part of the process of determining whether or not
to proceed with telehealth.

Initial Questions. First, one must consider whether the
Ccapital investment cost : asscciated with the variocus tele—
health approaches are arifordable. In other words, is the

cost of implementing a telehealth approach for the particular
local situation bevond reasonahble expectations of available
capital? If the answer is "yes,'" this is the time ro recog-—
nize su... a situation and look for other ways of resclvinag
health care delivery problems.

Does telehealth offer the only feasible means of providing
essential sexrvices? If the services are vital, come means

must be found to provide them. And if telehealth is the only
feasible means of providing the services, then the problem
becomes one of selecting among alternative telehealth approacl-es.

fost decision makers probably will find themselves somewhere
>etween these two extremes; that is, some telehealth approaches
ire affordable and the services to be provided, while not
absolutely essential, are highly desirable. Telehealth is
>robably not the only feasible approach, but it is an
ittractive one.

.liminating, for the time being, alternative approaches that

ail to satisfy basi. performance requirements, it is often
ufficient to rank the alternat:ives for each of the areas of
omparison (e.g., functicnal performance, cost, and flexibility).
uite often a single alternative is a "dominant" solution;

hat is in most comparison areas it is as good as or better

han other alternatives.

here several alternatives seem attractive but none is dominant,
he relative importance of the areas of” comparison should be
ssessed. For example are cost or performance capability of
uch greater importance than other characteristics? If one of
he alternatives is clearly superior in one or both of these
reas, that alternative probably should be selected.
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LI clear-cut decisions cannot be developed in this simple
manner, alternatives should be eliminated which cr-e clearly
less desirable than others until only two or three options
remain. The remaining alternatives should then be subjected
to closer scrutiny with the aid of profess.onals who are
skillea inn system analysis and cost-effectiveness techniques.

Example of the Selec-tion Process

A simple selection froces:s might occur in the following manner.
A small group prac.-.ce in a rural community reaquires special-
i1st consultation se-vices to support their ambu. itory and
hospitalized petient .. Their principal needs ar. in the areas
of radiology, cardiology, otolaryngology, and ophtalmology.
The distance to the nearest community with specialists in
these areas 1s approximately 80 miles, and transportation is
sometimes complicated bv severe weather conditions. The
current approach of referring all patients requiring such
service«s s unsatisfactory.

A non-telehealth alternative would involve a combination of
several approaches referring patients whose treatment ¢r con-—
sultation could not be deferred, scheduling periodic clinics
in the lcocal community feor patients whose -onditions permit
some delay, and obtaining delayed consultations, by means of
x—rayv films and EKG receocrds that are mailed to ar ropriate
consultants for review.

One telehealth alternative being considered is the use of a
siow—scan television system for consultation and diagnostic
support via the telephone network. This system would permit
transmission of heart sounds, EKGs, and wvideo information

such as x—ravs and patient views. The aiternative telehealth
approach being considered would also utilize transmission of
heart scunds and EKGs, but it would employ an interactive,
closed-circuit television system usin: 3 specially constructed
micreowave radio svstem between an r:cban medical center and

the local group practice.

Selecting among these alternative approaches might proceed by
judgzing whether or nut the non—-telehealth approach would be
sufficiently responsi- to the time requirements of t*e local
practice, and whether it would result ir the less of local
patients whose needs are not met by the local system. Data
concerning residents whe avoid the local practice or who
resist referral Lo outside specialists, would help in making

this judgement.
When the two telehealth approaches are compared. bothh are

oW
found satisfactory with respect to functional performance
c-~ability. However, continuous frame (broadband) television
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system provides a sense of ''presence' between the commun_.ca-
tors, by providing continuous ‘full-motiosn video and trar.s—
mitting changing facial (xpressions and other forms of "beody
language'. Tt has some additioral capability for specialty
consultations such as orthopedics and speech therapy that
must show patient motion. Finally, slightly betczr resolwu-
tion can be achieved and th*s results in shorter consultation
times than one-frame-at-a-time slow-scan television.

The capital investment requirement for the slow-scan system
is between '$40,000 and $50,000, since it utilizes the tele-
pPhone system for transmission and requires no capital in-
vestment in \a communications network. The broadband system
requires an \expenditure of hetween $200,000 and $302,000,
Primarily to'accommodate the construction of a microwave

radio link between =he w:irban community and the local practice

Operating costs of the narrowband system, whi-h would include
telephone usag_ charges and a WATS system -hirge, wculd be

rc hly equivalent to the operat “ons and maintenance charges
fo. the broadband communications system. Transmission cof
video images in the narrowband system would take approximatel:
80 seconds, compared to instantaneous transmission of video

over the broadband system.

With respect to se-ondary level capabilities of the wo
approaches. the broadband system permits the transmission
of continuous vid:'o communication with the local community
for purposes of continuing education, administrative con-
ferencing, and other health and social science services.
The narrowband system would permit only single-rframe wvideo
information to be transmitted o the local community. The
areas of reliability, development risik maintainability,
and training requirements are likely to be similar for both

approaches.

Expansion of the narrowband system is simpler and less ex-
pensive than expansion of the broadband system because no
communicati..ns system construction 1is required to initiate
telephone-based activity at additional sites. New locatioas
can participate in the activities of a nairowband telehealth
system simply by the inscallation of end-instruments at each

new site.

If the selection problem is addressed in terms of comparing
the two approaches only on the rasis of whether they satisfy
the immediate needas of tiuie rura. group practice, then both
would be considered acceptable. Both systems meet c nsulta—
tion needs in terms of minimum “unctional performance capa-
bility, although the broadband system would probably be more
satisfying to the participants in an individual consultation.
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They are '"cquivalent'" in the areas of operations and main-—
tenance costs. In terms of capital investment cost, the
narrowband approach is considerably less expensive than the

broadband approach.

Considering secondary factors, the two approaches are approxi-
mately equivalent in all areas except flexibility of applica-
tion and growth potential. The broadband system has greate.
flexibility of application, but the narrowband 3ystem is
significantly easier to expand.

In summary, both systems will perform the essential functions
adequately but tney differ significantly with respect to cost.
Some sacondary factors favor rhe narrowband system; other
secondary factors favor the broadband system. Therefore, if
A decision is to be made on the basis of major differences,
the least costly alternative approach would be selected.
Another line of reasoning would be to recognize the signirfi-
vant cost differential between the two approaches and to
determine if the additional advantages of the broadband
system could be considered sufficient tc make up the signi-
ficant cost difference. Unless cost is no object or there

is a sigrnificant value placed on educational applications,
the narrowbsnd system is likely to be the preferred alterna-—

tive.

This exrended example is intended to illustrate =z simplified
selection process that first determines whether or not any
particular solution tends to dominzte all others. Next, a
solution is sought on :the basis of a major advantage in
either functional performance or cost. And finally, based on
specific needs and values of the potential user, any major
advant :ge is balanced against less significant differences

to determine whether they outweigh the major advantage.

If neither of these arguments yields an obvicus answer, the
alternatives are assumed to be relatively thé same in per-—
formance uand cost. In such cases, selections are going to

be made on the basis of secondary factors. In the absence
of characteristics that would tend to eliminate one alterna-
tive or the other, such as significant maintenance or relia-
bility problems, the selection usually should be made on the
basis of factors related to flexibility of operation and
growth potential. The significance of these factors is in-
fluenced by local characteristics and nmust be determined by
rhe judgement of the potential user. If an initial system
rapability is part of a larger, expanding system, growth
potential might be given the most significant weight in the
selection. If physicial expansion of the system is unlikely,
then flexibility of applicaticn would be the more significant

factor.
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Obviocusly the selection process is not likely to be either
straight—-forward or tor - lly quantitative. wWhere the charac-—
teristics of altermativcs do not dictate an obviocus choice,
the judgement of those who will be using and depending upon
the system should * the determining factor.
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7 PAYING FOR TELEHEALTH

Regardless of how capital funds for a telehealth system are
obtained, provision must be made to amortize system costs,
allow for depreciation and replacement, underwrite opera-—
tional expenses, and pay for any other costs involved in
using the system, such as the fees of consulting specialists.

Three fundamental issues arise in the consideration cof pay-
ment alternatives:

~ 1. Who incurs the costs involved in implementing and
operating a telehealth system?

2. Who receives what types of benefits from the opera-
tion of a telehealth system?

3. What payment/reimbursement mechanisms seem appro-—
priate and feasible?

Who Incurs Telehealth Costs?

At the present stage in the development of telehealth systems,
the initial investment in ~ telehealth capability is assumed
to be made by health care providers, either individual or in
some form of joint-venture agreement. The providers may be
individual practitionmers, group practices, hospitals, nursing
homes, community groups, or other organizatioas that could
benefit from participation in a telecommunications—~based
health care network. Some funds currently are available

from the federal government through research and demonstra-
tion grant programs investigating new approaches to health
care delivery. Other federal and foundatior sources may aliso
exist, but such sources will be able to suppor: only a limited

number of new initiatives.

Telehealth operating costs depend upon the type of system
being used and they may be incurred in several ways. Broad-
band telehealth systems are likely to involve significant
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capital investment for communicatjions links. Since these
links are fixed, the operating costs are likely to be in-
curred by the same individuals/groups who constructed the
system.

In the case of narrowband telehealth systems that utilize
the telephone network, operating costs for communications
purposes may be incurred either by individuals initiating
consultation requests or on a shared network basis, using
WATS services. When telephone costs are incurred on a call-
by—call basis, the person initiating the call generallv will
be charged for the cost of the individual communication.

In the case of rural health applications, long distance
telephone charges are levied on the one who initiates a
consultation or administrative call. When a number of sites
have jointly developed a narrowband telehealth networh,

WATS service may be utilized. This involves the sharing of .
telecommunications costs among network users on a formula
basis. Educational application of telehealth may involve
more complex cost incurrence for telecommunications because
conference call arrangements would have to be utilized in
order for all members of the network to b2 involvéd simul-
taneously. In general, however, the call initiator would
incur the direct charge from the telephone company.

Costs incurred by patients would be a direct function of rhe
charge structures established by health care providers in
order to recoup the cost of establishing and operating the

telehealth network.

Who Receives Telehealth System Benefits?

-

Telehealth benefits can be appropriately considered in terms
of three groups -— patients, providers, and the health systeu.

Patient Benefits. If telehealth fulfills the expectations c<f
its advocates and field experience is consistent with the
results of analytic studies, telehealth should provide a
number of important benefits to rural residents. If specialist
care can be made available at the primary care level, then
fewer patients should be referred to specialists. In turn

this should mean fewer delayed and avoided consultations,

which should result in less severe illnesses and, logically,
reduced hospitalizaction. The ability to treat more complex
cases at the local level alsc would increase the ~ontinuity

of care provided tc rural residents. An improved capability
within local iersel health care systems shoula reduce the
avoidance of assistance because of the expense and incon-
venience involved. Most directly, the patient would not have
to travel to other communities for the resoslution of health
care problems; and incur associated expenses such as lost wages

and child care.
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Providexr Benefits. The local primary care provider can bring
improved decision-making capability to bear on local health

- care problems through cout:sultation with distant colleagues.
This should reduce the sense- ~f isolation and anxiety faced
by many rural providers. In addition, provision for back-up
aszistance is easier with a telehealth system, and the re-
sulting opportumity for increased leisure and educational
activities should enhance providers' satisfaction in rural

set tings.

Telehealth alsc may improve the financial basis of the rural
practice. The ability to dzal with a broader range of health
care problems at the local level may reduce the loss of
patients to distant communities as well as Permit local
follow—up rather than continued interaction of local patients
with distant providers. Telehealth may permit a rural
Physician or group practice to increase their "cat-hment area"
through the establishmeut of satellite facilities staffed by
non—-physician providers. Also, the capability of telehealth
systems may satisfy the requirement for the direct supervision
of physician extender= now required by state Medicaid systems
and/or licensing agencies. Finally, telehealth systems can
provide for increaeased provider education, through both the
process of consultation and the delivery of continuing medi-

cal educatien programs.

Secondary/tertiary care providers also may benefit from tele-
health systems through an increased base of referrals and
higner productivity because initial wo.Lkups will be readily
available from primary care providers. Further, teleconsul-
tation will tend to redice unnecessary referrals to secondary/
tertiary levels. These factors, assuming availability of
reimbursement may also improve the financial status at this

level of operation.

Health System Benefits. In the larger sense, the entire
health care system may benefit from the oroad and approgpriace
application of telehealth systems. If telehealth systems

are successful in permitting a wider range of cases to be
handled at local levels, a general reduction should result

in the cost per episode of illness. Should the benefits to
local health care providers prove to be obtainable, signif-
icant imprcvements may result in the ability to attract and

retain providers for rural areas.

What Afg Appropriate Telehealth Payvment/Reimbursement
Mechanisms?

The technical feasibility of telehealth hés been demonstrated

in _a variety of sertings and applications. —However,.such- ... ..
systems will have little impact on the provision of rural
health care if appropriate and rezsonzable payment/reinburse-—
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ment mechanisms do not accompany the effective application
of technclogy. Benefits can accrue only if telehealth sys-
tems are utilized, and utilization on a sufficiently broad
basis will occur only if theire are appropriate payment/
reimbursement mechanisms.

The first and most critical question is whether or not reim-
bursement will be zvailable from third parties for services
provided using telehealth systems. Certain telehealth serv-
ices are already being reimbursed and others have been
indicated as '"'reimbursable' under current approaches and
definitions. Remote reading oif EKGs is regularly reimbursed
under current third party systems and remote reading of x—rays
has been characterized as '"'probably reimbursable'. There is
less willingness on the part of third party payors to reimburse
for consultation services based on visual images of patients.

A lack of consistency exists in reimbursement policies be-
cause of the basic fragmentation of our nation's health care
system. On the basis of limited evidence, it appears that

the absence of reimbursement for telehealth services does

not result primarily from the medical adequacy of the service
provided, but from uncertainty as to the effect of tele-
consultation reimbursement on the utilization of health care

services.

Third party payors are concerned about the effect that tele-
consultation might have on the utilization of referral ser-—
vices. Dismissing the possibility of excessive use oi tele-
consultation if reimbursement is widespread, short-term in-
creases irn total health care costs may occur before the
potential longer-term benefits of such services are recog-

nized.

Several effects on health care utilization are possible as

a result of teleheall.. n .tworks. Increases might occur in
the incidence of cona.1lt .r.on among primary, secondary and
tertiary providers due to the capabilities provided by the
telehealth system and to the availability of reimbursement
for the provision of such services. Studies and surveys
referenced above have indicated that the need for patient -
referrals to secondary and tertiary care levels wculd be
reduced because telehealth linkages could be substituted

for a substantial proportion of pre-telehealth referrals.
Hcwever, there is uncertainty concerning whether the presence
of telehealth systems might not also result in additional
referrals that previously should have been, but were not,

made.
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At presont, adequate infeormation is not available regarding

the effect of telehealth systems on utilization of health care
services. The Health Underserved Rural Areas Program is spon-
soring telehealth research that st ould provide significant in-

formation in the critical areas of utilization and reimbursement.

Assuming the availability of reimbursement, on either a regular
Or experimental basis, payment mechanisms and charge structures
still must be develcned. It seems reasonable to expect con-
sultants to be reimbursed for telehealth consultations in the
same manner as they would be reimbursed for pPhysical consulta-
tion with pat.lenuts. Charges would have to be established for
teleconsultation ~ctivities that do not result in an immediate
referral. Telecon<."ltations resulting in immediate referrals
should probably be absorbed or included in the fee for a

referral visit.

The remaining question is how the costs of the telehealth sys-
tem should be recovered by the primary care provider. There
appear to be basic approaches. First, the primary care pro-
vider charges ~ patient when the system is used in his behalf.
This approacth 1d treat the telehealth system in :he same
fashion as a « ostic or therapeutic device <uch as X-ray or

diathermy equipment.

The second approach would view the telehealth system as a
general resource of the practice, similar to the telephone,
sterilization equipment, or the blood-pressure cuff. The
cost of the system would therefore be a part of the practice

overhead.

The first approach levies charges on a patient from whom the
The second approach includes a small charge
spreading the cost of the telehealth
Both approaches

system i1s used.
in eacit patient’'s bill,
system across the entire patient population.
have advantages and disadvantages.

Establishing a charge for the use of the telehealth system has
the cbvious merit that its use for a specific patient can
readily be identified, just as it can be for the use of diag-—
nostic or thevapeutic instrumentation. Less obvious is how
such a charge should be established and what effect it might
have on the introduction and uti ization of a potentially
important innovation in health care delivery. Withcut some
knowledge of the probable utilization rate for such equipment,
it would be difficult to establish a reasocnable charge on a

per use basis.

&9
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Should a flat charge be levied on the basis of the occurrence
of a teleconsultation, or should it be based on clapsed time
or the number of transmitted images involved in the consulta-
tion? Will establishing a per-patient charge for the use of
the telehealth system inhibit its use and thus impede its
acceptance and the devel 2nt of creative applications?

If the telehealth system .5 to be employed for admiunistrative
and/or educational purposes, what proportion of total costs
of the telehealth systemm should be allocated to these functions
and what proportion to patient-related consultation activity?
These questions indicate the likelihood of somewhat arbitrary
charge structures until additional ~vwperience has been gainea
with the utilization of telehealth s stems. :

A telehealth system does not create new information or more
precise information. Rather, it providez the capability to
exchange information more efficiently and more broadly so
that improved decision-making capability can be brought to
bear for the benefit cf the patient.

The telehealth system is very much like the telephone. It
permits the exchange of information between providers of
care for the benefit of the patient. Even though we could
identify the fact that a particular telephone call was made
in relation to a particular case, we do not attempt to charge
patients for the use of the telephone. Instead, we include
it as an overhead item in the provision of care. At the
pr+« sent stage of development of telehealth systems, rather
than risking inappropriate charge structures and the con-
comitant possibility of impeding the growth of knowledge
and skill in the utilization of telehealth, an ~nbroach
similar to the one for telephone is recommended to cover
telehealth costs. This issue may, and certainly should, be
reconsidered in the future. However, considerably more
experience should be obtained before attempting to develop
a charge structure on the basis of individual patient use.

Field experience with operational telehealth systems will
increase significantly in the near future, particularly
experience with systems that utilize the telephone network

for transmission. This handbook presents the current level

of understanding of the critical elements and issues. It =iIs

a guide for proceeding into the future but it is not a defin-—
itive set of answers. Hopefully the promise of telehealth
s,ystems can be achieved through intelligent and appropriate
applications, and that this volume will be useful in achieving

that gcal.
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ALABAMA, ANNISTON

TITLE: East Alabama Rural Health Foundation
PERIQD: 1976-1979%*

TECHNOLOGY : Computer, Telemetry

APPLICATTION: rimary Care, Administration

The East Alabama Rural Health Development program was
initiated to help al1~viate the severe shortage of health
care providers in a numb=2r of counties in Eastern Alabama
through the establishment of nurse-pr.actitioner staffed-
clinics. These clinics are currently in developmental
stages. The program proposes the eventual development

of a computerized medical records and billing system to
link the nurse practitioner-staffed clinics with each
physician's office and a group physician practice.
Currently, software is being developed and computer
equipment has been installed in the group phvsician
practice.

REFERENCE : Anderson, C.. ind W. Rappraporc, Technologv
Applicairions in Rural Health Care Systers.

MTR-7537 (Tke Mitre ggrporation: Mcl.ean,
Virginia, Mav 1977). (27

CONTACT : Bill D. Stoun, M.D,
P.O. Box 2127
1010 Christine Avenne
Anniston, Alabama 26201

*Future date indicates end of funding rericd.



ALABAMA, BIRMINGHAM

TITLE: MIST~~-Medical Information Services via Telephone
PERIOD: 1969-Present

TECHNOLOGY : Telephone—-WATS, Centrex Tie Line

APPLICATION: Primary Care, Education

MIST is a tzlepuone extension service of the University of
Alabama Medical Center at Birmingham which brings the Center's
resources to physicians and other health professionals state-
wide. While used by many health vprofessionals, MIST is aimed
at assisting physicians in their dav-to-day care of patients.
Many of the questions phoned in by physicians pertain to tech-
niques, procedures, equipment, or services. In 1971, DATL
(Dial Access Tape Library) was added for physicians and nurses.
DATL is widely used by nurses for teaching conferences.

REFERENCE : Klapper, M. S., and I. B. Harper, ''MIST--Obser-
vations and Trends.'" Journal of the Medical
Association of the State of Alabama (April 1975).(13)

CONTACT : Margaret S. Klapper, M.D.
Director of MIST
Room 111, Mortimer Jordan Hall
University Station
Birmingham, Alabama 35294
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ALABAMA, BIRM.INGFAM

TITLE: O1 ~Line Medicaid Billing Syster
PERIOD: 1971-1973

TECHNOLQGY : Telephone Equipped with Card-"ialers,
Answer—Back Equipment, Computer

APPLICATION: Adm?Inistration

The intent of this project was to provide an on-line state-
wide billing system for physicians ™ services. The system
design provided for point—-of-service ter~irals on—-line to

a central computer to reduce the costs of submitting

claims from physicians' offices and preparine data for

the carrier. Data were entered from the rhvsicians'

of fices on standard Touch ToneR telephones ecuipped with
card—-dialers. Patient information and elieibility
confirmation data were received from the central computer
facility via wvoice answer-back.

REFERENCES: Mesel, E., and D. D. Wirtschafter, "\utomation
of a Patient Medical Profile from Insurance
Claims Data: A Possible First Step in Auto-
mating Ambulatory Medical Records on a National
Scale.'" Health and Society. 29-45 (Winter

1976) . (387

Mesel, E., and D. D. Wirtschafter, "'Economic
Analysis of an Automated Billing 3ystem for
Physicians' Services.®” Medical Care. 14:1037-

1051 (1976). (39

CONTACT :: David D. Wirtschafter, M.D.
Director of Clinical Informrarion Systems
University of Alabama
809 S. 19th Street
Birmingham, Alabama 35264




ALABAMA, TUSKEGEE

TITLE: Tuskegee Telemedicine System
PERIOD: 1973~-Present
TECHNOLOGY : Telephouae, 2-Way Audio/Data

APPLICATION: Primary Care

The Tuskegee Telemedicine System provides health care services
ty a three—-county area in southeastern Alabama. A total of
seventeen community sites will be serviced by two mobile
vans, each staffed by a three-member team jncluding a nurse
practitioner, a laboratory technician/driver, and a nutri-
tionist who work with a community-based coordinator. Each
van is equipped to transmit EKG tracings via telephone to

the main clinic location to be read by a computer. The
interpretarions are then sent back to the mobile health unit.
Additional equipment includes a facsimile for hard copy
transmiscion and a telewriter that enables the Base Health
Center physician t. write remote PTY .scriptions for on sirte

field use.

CONTACT: Cornelius L. Hopper, M.D.
The John A. Andrew Clinirs
Tuskegee Institute
Tuskegee, Alabama 36088
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ALASKA, ANCHORAGE

TITLE: ATS-6 Satellite Advanced Health Care and
Education—-—Alaska Health Exveriment

PERIOD: 1974-1975

TECHNOLOGY : Satellite, 2-Way Black-and-White Telev sion

APPLICATION: Primary Care

This project was designed to assess the potential of a
satellite system for the presentation of health, education,
and information programs. All four sites included in

the project had local exchanges in addition to ATS-1
satellite radios which linved them te Tanana lHospital,
Anchorage Medical Center, and z*her ATS-1 sites. Ser-sices
included teleconsultation, the transmission of x-rays

by the video capability, and EKG tracings over the audio
cuannel. The demonstration also included the computerized
patient record 3ystem, Health Information Svstem (HIS),
developed by the Indian Health Service.

REFERENCES: Boor, J. L., G. Braunstein, and J. M. Janky,
""ATS-6: Technical Aspects of the Health/
Education Telecommunications Experiment."
IEEE Transactions on Aerospace and Electronic
Systems. AES-11, 6, 1015-1C32 (November 1975).¢20)

Wilson, M. R., M.D., and C.

Brady, '"'Health Care in Alaska via Satellite."

ATAA Conference on Communicarion Satellites for

Health/Education A%pégcations (Denver, Colorado,
3

July 21-23, 1975).

CONTACT : Martha R. Wiison, M.D.
OCffice of Program Development
Alaska Area Native Health Service
Alaska Native Medica! Center
Anchorage, Alaska 95501




ALASYA, ANCHCRAGE

TITL! : Continuing Medical Education by Satellite

PER1OL: 1977-1978

TECHNOLOGY : Satellite, Color Television

APPLICATION: Education

This project 1is a collaborative effort of the Indian Health
Service, the Veterans Administration, and the Public Service
Satellite Consortium. Live continuing medical education
broadcasts are being received at the Alaska Native Medical
Center weekly from the VET-SAT network over CTS satellite

by way of an interconnect at the Denver Up-link to the ATS-6

satellite.

CONTACT: Mr. Robert B. Shamaskin
Deputy Tirector
Learnir s Pesources S¢ vice (142 A)
Departinent of Medicine and Surgery
Veterans Administration
810 Vermont Avenue, N.W.
Washington, D. C. 20420

Martha R. Wilson, M.D.

Office of Program Development
Alaska Area Native Health Service
Box 7-741

Anchorage, Alaska 99501

John P. Witherspoon, President
Public Services Satellite Consortium

2480 West Sixth Avenue
Denver, Coloradoc 80211
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ALASKA, ANCHORAGE

TITLE: Operational Sacellite Communication for
Health Care

PERIOD: On-Going

TECHNOLOGY: Commercial Satellite, 2-Way Audio

APPLICATION: Primary Care

This project is a collaborative effort between the Indian
Health Service, The S:ate of Alaska's Office of Telecommuni-
cation, and Radio Corporation of America (RCA). It is the
operational follow-on of the ATS-1 Satellite Doctor Call,
the experimental program limited to the Tanana Service

Unit. At the present time approximately 60 of the total
planned 120 remote Alaskan villages are equipped with small
earth terminals and are conducting Doctor Call by satellite
on a 24-hour availability basis.

CONTACT : Martha R. Wilson, M.D.
Office of Prougram Development
Alaska Area Native Health Service
Aluska Native Medical Center
Anchorage, Alaska 99501

98




ALASKA, JUNEAU

TITLE: ATS—1 Ssatellite-Doctor Call
PERIOD: 1971-Present

TECHNOLOGY :- High—-Frequency Radio, ATS-Satellite Radio

APPLICATION: Primary Cezre, Education

This demonstraticn project was conducted to gain experience
in the exchange of medical and educational information be-—
tween remote and urban Alaskan commun®ties via satellite.
Emphasis was placed on the exchange of medical and healtn
information between health aides in twenty-six isolated
communities and Public Health Service physicians.

REFERENCE: Kreimer, 0., E. Hudson, and D. Foote,
Health Care and Satellite rRadio Communication
in Village Alaska. (California Institute for
Communication Research, Stanford Unlver51ty.
Palo Alto, California, June 1974).

CONTACT : Martha R. Wilsc-., M.D.

Of fice of Program Development
Alaska Area Native Health Service
Alaska Native Medical Center
Anchorage, Alaska 99501
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APPALACHIA

[ <
TITLE: Veterans Administration ATS-6 Health Care
Experiment in App=lachia

PERIOD: 1974-1975
TECHNOLOGY : Communications Satellites

APPLICATION: Primary Care, Education

This project involved ten Veterans Administration hospitals

in the Appalachian region of the United States. It tested
how eommunications satellites can be emploved on a cost -
effective basis for biomedical purposes in terms of diagnosis,
therapy and continuing education. These experiments involved
weekly telecasts with audio return over a period of eleven
months in 1974 and 1975 and included video seminars, grand
rounds, outpatisnt clinic activities, teleconsuirtations,

and computer—assisted instruction.

REFERENCE: Annual Report: Exchange of Medical Information
Program, Fiscal Year 1976. {(Veterans Admin-
istration, Department of Medicine and Surgery,
Learning Resources Service: Washington, D.C.,
August 1976) . (42

CONTACT : Mr. Robert B. Shamaskin
Deputy Director
Learning Resources Service (142 A)
Department of Medicine and Surgery
Veterans Administration
810 Vermont Avenue, N.W.
Washivgcon, D.C. 20420




ARTZONA, SELLS

TITLE: Space Technology Applied to Rural Pavpago
Advanced HVealth Lare (STARPAHC)

PERIOD: 1975-Present

TECHNOLOGY: Microwave, 2-Way Audio/Video/Data, Slow-gcan Video

APPLICATICGN: Primary Care

STAPPAHT is a ground-based remote area health care delivery
system. It was designed to demonstrate the feasibility and
potential of utilizing space technology in cormunications and
systems engineering to upgrade health care access and delivery.
The test site ‘is southern Arizona's Papago Indian Reservation.
This telemedicine system uses microwave transmission to provide
interactive color and black and white television, audio,

and data communications between a central hospital-based
medical facility at Sells, Arizona, and para-medical personnel
attending patients in a fixed clinic (the Santa Rosa area)

and a mobile clinic at a series of prescheduled remote sites

on the reservation. It also provides referral and consul ta—
tion capability to the large Indian Medical Center in Phoenix
through good resolution, slow—scan color and black and white
television, that iz transmitted over commercial dial-up
telephone lines. Thus the physician's skill, knowledge, and
capabilities are made available over great distances to patients
in remote gecographical areas through the physician's assistant
utilizing the telemedicine system.

REFERENCE : STARPAINC Systems Report, 2 Vols. (Mational
Aeronautics and Space Administration,
Johnson Space Center: Houston, Texas, Con-
tract %23)NA89—13170, LMSC D566132, October
1977).

SONTACT: Nerman Belasco, SD2
National Aeronautics and Space Administration
Lyndcn B. Johnson Space Center.
NASA Road 1
Houstva, Texas 77058
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ARIZONA, TUCSON

TITLE: Arizona Rural Health Federation

PERIOD: 1977-1979

TECHNOLOGY : Computer Terminals, Facsimile
APPLICATION: Primary Care, Administration, Education

The goal of this project is to organize a network of
comprehensive health care services in a five—county area
of southern Arizona. Ther- are now seven rural community
health clinics linked together in a communications network.
When the project began in 1976 as the Socuthern Arizona
Rural Health Inmitiative at the University of Arizomna,
nlans included implementation of the Health Information
System (HIS), installation of a computer terminal at one
location to establish close ties with a tertiary care
center in Tucson, the utilization of direct telephone lines
to 1ink communities with the next higher level of health
care, a2nd use of facsimile for transmissiocon of medical
records. New plans include using CB radios to link a
mobile health clinic to a base community health center or
hospital. Neither computer terminals nor facsimile were
productive and have been discontinued. Services to

be provided within this system include primary care,
health education programs, technical assistance, organi-
zational development, and administrative support. Tele-—
phone is the major link for the present network.

REFERENCE:: Anderson, C., and W. Rappaport, Technology
Arplications’ in Rural Health Care Systems.
MTR=7537 (The Mitre gorgoration: McLean,
Virginia, May 1977). <27

CONTACT: Seth Linthicum
Executive Director
Arizona Rural Health Federation
5447 East Fifth Street, Suite 227
Tucson, Arizona 85711
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CALIFORNIA, SAN DIEGO

TITLE: Navy Remote Medical Diagnoses System (RMDS)

PERIOD: 1972-Present

TECHNOLOGY: Slow-scan Television, Telemetry

APPLICATION: Primary Care

RMDS is an interactive slow-scan television systenm for linking
ship—to-ship, ship-to-shore, and land-to-land points to provide

a variety of diagnostic serwvices. Patient
vessels at sea have been examined via UHF ,
using narrowband slow-scan transmissions.
stethoscope devices have been used to send
data using UHF and HF links.*

x—-rays from naval
HT and satellite
EKG and electronic
rhysiological

REFERENCE: Rasmussen. W. T., and J. Silva, Navy PRemote
: Medical Diagnosis System. (Naval Electronics

Labora%gfy Center: San Diego, California,

1976).

Rasmussen, W. T., R. L. Crepeau, and F. H.
Gerber, Resolution Requirements for Slow-

Scan Television Transmission of X-Rays. TR-150

(Naval Ocean Systems Center:
Califormia, 1977). ¢(%44)

CONTACT : 7illis T. Rasmussen, Ph.D.
Naval Ocean Systems Center

San Diego,

Piomedical Engineering Branch, Code 8233

San Diego, California 92152,

*Earlier versions of the system have operated between central
facilities (San Diego and Port Hueneme) and remote facilities
(E1 Centro, San Clemente Island, and San Nicolas Island).
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CALTIFORNIA, SAN DIEGC

TITLE: TELEMED System in North Couﬁty Health Project

PERIOD: 1977-Present
TECHNOLOGY : Telephone, 1-Way Slow—Scan Video

APPLICATION: Primary Care

The TELMED System in the rural back country area of North
San Diego County is being developed and used to extend
the primary care coverage of the nurse practitioner and
physicians to provide 24-hour, 7—day a week communication
to the primary care clinic in Ramona. The systems have

= been placed in Santa Ysabel and Ranchito where qualified
individuals in the community are being tra’ned to act as
communicators. The objective of the use of telecommuni-
cations in these areas is to resolve the challenges of
the small (100-2,000 population) rural community in
developing a health care system.

CONTACT: Dorothy Reno
Director, North County Health Services

309 Firebird Lane
San Marcos, Califormia 92069
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COLORADO, DENVER

TITLE: Mountain/Plains Outreach Program
PERIOD: 1975-1979

TECHNOLOGY : Computer, WATS

APPLICATION: Primary Care, Administration

This program is designed to provide improved health care to
rural areas of Colorado through the establishment of tele-—
communications and data processing linkages between health
resdources of urban areas and newly formed physician—staffed
Primary care centers in rural areas. The program includes a
computer dara system with CRTs to provide on-line patient
information. Planned uses for this .information system in-
clude evaluation of preventive health care methods, pharmaco-
logic surveillance, health educatlon, medical practice audit,
and cost of care.

FEFERENCE: Anderson, C., and W. Rappaport, Technology
Applications in Rural Health Care Systems.
MTR-7537 (The Mitre Corgors“-on. McLean,
Virginia, May 1977).

CONTACT : Perry Warren
Program Director
Mountain/Flains Outreach Program
4545 E. 9th Avenue, Room 435
Denver, Colorado 80220
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COLORADO, DENVER AND BOULDER

TITLE: University of Colorado Seminars
PERIOD: 1973-Present
TECHNOLOGY: Microwave, 2-Way Audio/Video

APPLICATION: Education

The purpose of this project is to broadcast medical seminars,
including grand rounds and clinical presentations, between
the Denver Medical Center campus of the University of Colo-
rado and the campus at Boulder. Selected presentations

are also rebroadcast by Instructional Television Fixed
Service (ITFS) to Boulder Valley Community Hospital.

REFERENCE: Chan, S., and J. R. Messick, 33 Telecommunica—
tions Projects in Medical Education and Health
Care. (Office of Medical Education, Research
and Development, Michigan State Univ?zgity:
East Lansing, Michigan, March 1975).

CONTACT : Norman Fringer .
Director of Biomedical Communication
University of Colorado - Medical Center

4200 East Ninth Avenue, Hosp. Box A066
Denver, Colorado 80262
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Network for Medical Communications

Microwave, 2-Way Audio/Video

CONNECTICUT, FARMINGTOM
TITLE:

PERIOD: 1971-Present
TECHNOLOGY :

APPLICATION:

Primary Care, Education

This system uses live television to 1link the University of

Connecticut Health Center in Farmington with Newington
Veterans Hospital and New Britain General Hospital.
include consultations, student education,

education.

REFERENCE :

CONTACT:

Uses
and continuing

Chan, S., and J. R. Messick, 33 Telecommunica-
tions Projects in Medical Education and Health

Care.

(Office of Medical Education, Research
and Development, Michigan State University:
East Lansing, Michigan, March 1975). (45)

Sanborn, D. E., et al., "Interactive Television
and the Rural Fawily Physician." Journal of the
Maine Medical Association, Vol. 66, 276-279

(October 1975). (&46)

Warren Kyprie
Manager, Interactive Television
The University of Connecticut Health Center

Farmington, Connecticut 06032
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FLORIDA, MIAMI (DADE COUNTY)

TITLE: Telemedicine Healt* "are Telivery in Dade
County Florida Pena. Institutions

PERTOD: 1974-1977

TECHNOLOGY Microwave Slow-scan, 2-Way Audio/Video,
' Facsimile, Audio Support Dewvices

ATPLICATION: Primary Care

This system links Jackson Memorial Hospital with three Dade
County penal institutions. Evaluation tasks included
analyzing the effects of a telemedicine system on an
existing health care delivery system and studyii.g patient
groups randomly assigned to baseline and telemedicine
groups to evaluate the existing and upgraded systems.

REFERENCE: Final Report: An Evaluation of the Impact of
Communications lechnology and Improved Medical
Protocol on Health Care Delivery in Penal
Institutions. (University of Miari Medical
Schooi: Miami, Florida, NSF GrantNo. GI-39471,

December 1976). (47)

CONTACT: Jay H. Sanders, M.D.
Principal Investigator
Chief of Medicine
Jackson Memorial Hospital
Miami, Florida 33157 -
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GEORGIA, ATLANTA

TITLE: Georgia Regional Medical Television Network
PERIOD: 1967—-Present
TECHNOLOGY : Two—Channel ITFS (Instructional Televisicn

Fixed Service)

APPLICATION: Education

This system services approximately thirty-one medical insti-
tutions, primarily to provide continuing education for the
participating health professionals. Run by Emory "'niversity,
the system operates out of Grady Hospital, the teaching
hospital for the University. Between three and ter. hours
Per week are dedicated to troadcasting live medical programs
in color by IiFS transmitter, including regularly scheduled
medical conferences, OB/GYN conferences, and cardiology
conferences. These programs are also rebroadcast for the
benefit of those who may have missed the 1ive presentations.

REFERENCE: Kaminsky, A., "A Circulating Medical Library
on Video Cassettes.”" Educational and Indus-—
trial Television. 9,3,41-44 (March 1977). 48D

CONTACT: - Alan Kaminsky
Business Manager
Georgia Regional Medical Television Network

69 Butler Street
Atlanta, Georgia 30329
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HAWAII, HONOLULU (AND PACIFIC)

TITLE: ATS—1 PEACESAT (Pacific Education and
Communication Experiment by Satellite)

PERIOD: 1971-Present

TECHNOLOGY : Satellite, 2-Way Audio, Faceimile

APPLICATION: Primary Care, Education

PEACESAT 1is an interactive narrowband system servicing
eleven nations or jurisdictions in the Pacific area to
provide health education and community services. Uses

of the system have included teleconsultations between
physicians, teacher education, student classes, and sharing
of library resources.

REFERENCE: Bystrom, J. W., ""The Application of Satellites
to International Interactive Service Support
Communication,” Proceedings of the Roval
Society of London, A.345,493-510 (October 1975). (

CONTACT : John W. Bystrom, Ph.D.
: Director
PEACESAT Project
University of Hawaii
Honolulu, Hawaii 96822
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ILLINOIS, CHICAGO

T ITLE: Bethany/Garfield Community Health Care Network

>ERIOD: 1972-1976

CECHNOLOGY : Microwave, Picturephoné;)Z—Way Audio/Video/
Data )

\PPLICATION: Primary Care, Administratior., Education

'he goal of this program was to serve the Bethany/Garfield
jospital complex, including two community hospitals, three
tore—front health centers, and three drug rehabilitation
linics. The overall objective was to explo:e the use of
oth Picturephoné§>and broadband television for solving
ommunications problems of a large health csz~e network in an
rban ghettoe area. Uses included in—-service sraff training,
ontinuing education of health officials, and upervision

f emplovees.

EFERENCE: Two—Way Visual Communigations Erypeisiment:
The Final Report. (METCOR Incorp-caced:
Chicago, Illinois, December 1973). (50)

ONTACT: Vernon Showalter
Bethany Brethren Hospital
3420 W. Van Buren Street
Chicago, Illinois 60624
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ILLINOIS, CHICAGO

TITLE: Cook County Hespir~nl, Department of Urology,
Picturephon Network

PERIOD: 1972-1975

TECHNOLOGY : Picturephonégl 2-Way Audio/Video

APPLICATION: Primary Care, Administration

Ten Picturephoneéi)were located within the Cook County
Hespatal multi-building medical complex. The basic objec-—
tive of this network was to improve administrative control
and effective communicarion between the personnel and the
patients, and among the personnel themselves through
increased and better visual and verbal exchange, and to
generally improve patient care.

REFERENCE: Chan, S., and J. R. Messick, 33 Telecommunica-
tions Projects in Medical Education and Health
Care. (Office of Medical Education, Research
and Development, Michigan State University:
East Lansing, Michigan, March 1975).

CONTACT :: Irving M. Bush, .D.
Division of T 7. 2y
Cook County ..~ +:_¢21

1825 W. Harris. Street
Chicago, Illinois 60612
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ILLINOIS, CHICAGO

Il1linois State Psychiatric Institute I' _cturephone
Program

TITLE:

PERIOD: 1973-1974

TECHNOLOGY: Picturephone, 2-Way Audio/Video

APPLICATION: Primary Care, Education

This network was established to l1link the staffs of institutions
within the Illinois Mental Health Institute Network, including
two mental health centers, a school for emotionally disturbed
children, and three psychiatric institutes. The ocbjective

was to explore the utility of two-way visual communications
between clinic paramedical personnel and the consultative
expertise at the hospital in solving mental health care
delivery problems. Use of the equipment facilitated contin-
uous patient treatment, staff consultation and training,

and communication flow regarding patient treatments and staff

efforts.

REFERENCE : Chan, S., and J. R. Messiék, 33 Telecommunica-
tions Projects in Medical Education and Health

Care. (Office of Medical Education, Research
and Development, Michigan State University:
East Lansing, Michigan, March 1975). (45)

CONTACT : William H. Lewis
Coordinator, Administrztive Services

Illinois State Psychiatric Institute
1601 W. Taylor Street
Chicago, Illinois 60612
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INDIANA, INDIANAPOLIS

TITLE: Medical Educat”onal Resources Program (MERP)

PERIOD: 1967—-Present

TECHNOLOGY: Microwave, Cable, l-Way and 2-Way Video,
2—-Way Audio via 1. lephone Talkback Device

APPLICATION: Education

This precgram seeks to enhance medical education within the
State of Indiana. It is utilized mainly for continuing
education, but has also been used on occasion in the
training of medical students. Seven Indiana University
centers and over forty hospitals are serviced by this
system. Additionally, one hundred locations participate
in a video cassette mailing program.

REFERENCE: Friman, E., '"'Medical Minicam Projection:
Why Portable Color Systems Prove a Boon to
Medical Uses of Television.'" Educational
and Industrial Television, 7,12,17-20
(December 1975).\51/

Friman, E., '"The New Age of Medical Tele-
vision Network.: The Potential Satellite
ransmission Holds for Networking Medical
Education.” Educational and Tndustrial
Television, 19-22 (May 1977). (52)

CONTACT: Eilmexr Friman
Director
Medical Educational Resocurces Program
Indiana Uniwversity School of Mediciie
110 West Michigan Street
Indianapolis, Indiana 46202
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KENTUCKY, MOREHEAD

TITLE: Gateway Di: trict Health Department
PERIOD: 1975-Present

TECHNOLOGY: Mobile Van, Telephone

APPLICATION: Primary Care, Administration

This newly formed districi¢ health department provides public
nealth services for the population cf five northeast Ken tucky
rural counties. A central district office is staffed by personnel
who rotate through the district olfices located in each of the
five counties. A mobile wvan staffed by a dentist, hygienist and
clerk travels throughout Morgan County remaining two or three
months at each site. The GDHD operates three dental operatories
within elementary schools. A major objective of the GDHDs program
is to provide existing administrative support services. A radio
communications system linking support personnel in the field with
the core staff and a unified financial management system with
formalized linkages between third party payers and the district
coffice are being developed. The GDHD has entered into major
innovative services delivery supported by The Kentucky Medical
Assistant Program (Title XIX Agency).

REFERENCE = Anderson, C., and W. Rappapoit, Technology
~ Applications in Rural Health Care Systems.
MTR-7537 EThe Mitre Corporation: McLean, Virginia,
May 1977).¢(27)

CONTACT : Robert G. Matthews Jr., Ph.D.
Gateway District Health Department
Box 666

Owingsville, Kentucky 40360
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LOUISIANA, BATON ROUGE

TITLE: Louisiana Health Television Network (LLHTN)

PERIOD: 1967-Present

TECHNOLOGY : Cable, Microwave, 2-Way Audio Statewide,
2-Way vVideo

APPLICATION: Education

The system is a statewide, closed—-circuit medical relewvision
network serving Louisiana's charity hospitals in nine cities.
Also included in system are the Louisiana State University
Schools of Medicine in Shreveport and in New Orleans and the
Tulane University Medical Center in New Nrleans. Network
control is in Baton Rouge and is operated by the Louisiana
Educational Television Authority on behalf of the State's
Health and Human Resources Administration. Primarily an
educational project, LHTN seeks to provide programs to train
interns and residents, in—-service education for aurses and
paramedical personnel, and continuing education for health
professionals. Programming includes live conferencing with
instruction and taped continuing education progrars. The
service of LHTN is supplemented by a videocassette subscription
service provided by the Louisiana State University School of
Medicine in New Orleans.

REFERENCES: Chan, S., and J. R. Messick, 33 Telecommunica-
tions Projects in Medical Education and Health
Care. (Office of Mediczl Education, Research
and Development, Michigan State University:
East Lansing, Michigan, March 1975).{4>

Stephens, H. J., ""'Docter to Doctor' Via CCTV:
Continuing Medical Education in Louisiana.'" -
Educational and Industrial Television (July 1974).
(537

CONTACT: Harold J. Stephens, Jr.
Acting Director
Biomedical Communications
1430 Tulane Avenue
Tulane Medical Center
New Orleans, Louisiana 70112
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MAINE, FARMINGTON

TITLE: Rural Health Associates: Interactive Medical
Microwave Television (RHA)

PERIOD: 1971-Present
TECHNOLOGY:  Microwave, 2-Way Audio/Video/Data
APPLICATION: Primary Care, Administration, Education

RHA, a private medical group practice in Farmington, was the
first health care organization to include interactive tele-
vision communications as an integral part of its organizational
Plan. A two-way link has been established between RHA and

two ambulatory care satellite clinics in Rangeley and King-
field. Objecrives include providing comprehensive health

care to rural areas, establishing support for health care
professionals living away from major medical centers, and
providing these professionals with sufficient coverage to

allow time for continuing education.

REFERENCE ; Bashshur, R. I., P. A. Armstrong, and Z. I.
Yousgef, Eds., Telemedfcine: Explorations in
the Use of Telecommunications in Health Care.
(Thomas: Springfield, Illinois, 1972).(2)

CONTACT: Clinton A. Conant
Project Administrator
Rural Health Associates
Farmington, Maine 04938
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- MAINE, STONINGTON

TITLE:

PERIOD:

TECHNOLOGY :

APPLICATION:

Blue Hill-Deer Isle Telemedicine Project
1973-1977
Microwave, 2-Way Audio/Video

Primary Care, Administration, Education

This project was instituted to mrovide expert consultative
services via two-way interactive television from Blue Hill
Memorial Hospital to a nurse practitioner-staffed clinic
in the isclated community of Stonington on Deer 1Isle. The
link was also used to train Deer Isle ambulance attendants
in first aid and primary care.

REFERENCE :

CONTACT :

118

Chan, S., and J. R. Mes,ick, 33 Telecommunica-—
tions Projects in Medical Education and Health

Care. (Office of Medical Education, Research

and Development, Michigan State Univizgity:
East Lansing, Michigan, March 1975). )

Richard Britt, M.D.

Blue Hill Memorial Hospital
Blue Hill, Maine 04614
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MASSACHUSETTS, BOSTON

TITLE: Nursing Home Care Program
PERIOD: 1972-Present

TECHNOLOGY : Telephone

APPLICATION: Primary Care

This 1s a system where Nu—se Practitioners and Physician Assis-~
tants provide primary medical care to 330 Boston area nursing
home patients in ten locations in the context of a primary care
group practice affiliated with the Beth Israel Hospital. This
program initially developed at Boston City Hospital demonstrated
that improved quality of medical care and accessibility could
be provided to inner city nursing home residents with reduced
reliance on the hospital and with significant cost savings.

REFERENCE: Bashshur, R. I., P. A. Armstrong, and Z. I.
Youssef, Eds., Telemedicine: Explorations
in the -e of Telecommunications in Health Care.

(Yhomas. Springfield, Illinois, 1972). (<ZJ

CONTACT - * pert J. Master, M.D.
~irector, The Urban Medical Group, Inc.

545D Centre Street
Jamaica Plain, Massachusetts 02130

-
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MASSACHUSETTS, BOSTON

TITLE: Massachusetts General Hospital/Logan Airport

PERIOD: 1968—-Present

TECHNOLOGY Microwave, 2-Way Audio/Video/Data

APPLICATICN: Primary Care

Although currently not in operation, this system has the
capability, and was used in the past, to link a nurse
clinician at Logan Airport with the physicians at Massachu-
setts General in Boston, providing telediagnosis and
teleconsultation services. The system was designed to
provide ftuller utilization of the skills of the health
professionals via telecommunication's capacity to over-
come the problems of accessibility and travel time in an

urban setting.

REFERENCE: Murp: ', ® I., "Accuracy of Dermatologic
" Diag 7. 5 by Television." Archives of 9)
il

Derr : slci . 105,833-835 (June 1972).

CONTACT: Ker =t T. Bird, M.D.
P- ~ £ Ofrector
Te :..~»¢ .ne Medical Service
Ma.- - >, riretts General Hospital

War. .+ # _ilding
275 Ch.--~les Street
Boston, Massachusetts 02114
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MASSACHUSETTS,

BOSTON

TITLE:

PERIOD:
TECHNOLOGY:
APPLICATION:

Based in part

General Hospital/Logan Airport project, the Bedford link
was established for teaching as well as teleconsultation.

Massachusetts General Hospital/Bedford
Veterans Administration Hospital

1970-Present
Microwave, 2-Way Audio/Video
Primary Care, Education

on the experience gained from the Massachusetts

It

has been utilized to teach health-related courses to community
college students at Bedford and provide contiruing education
for physicians at Bedford. 1In furthering patient care, it

has been used in cases of psychiatric or neurological dis-
orders, dermatology, speech therapy, drug abuse, and alcoholism.

REFERENCE:

CONTACT -

Bird, K. T., The Veterans Administration
Massachusetts General Hospital Telemedicine
Project. (Massachusetts General Hospital:
Boston, Massachusetts, June 1974).(54)

Kenneth T. Bird, M.D.
Project Director

Telemedicine Medical Service
Massachusetts General Hospital
Warren Building

275 Charles Street

Bostor., Massachusetts 02114
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MASSACHUSETTS,

CAMBRIDGE

TITLE:
PERIOD:
TECHNOLOGY :
APPLICATION:

The Cambridge

Cambridge Telemedicine Project
1972-1974
Microwave, 2-Wav Audio/Video

Primary Care

Telemedicine Project was established to employ

audio-visual links to provide consultation and support from

physicians at

Cambridge Hospital to nurse practitioners

providing care at three neighborhood satellite health clinics.
In each of the three clinics, one nurse practicioner used
two—way television. Two of the clinics had an additional
nurse practitioner who only used a telephone for consultation.

REFERENCE:

Moore, G. T., et al., ""Comparison of Television
and Telephone for Remote Medical Consultation.”
the New England Journal of Medicine, 292:14,

729-732 (April 1975).\55/



MINNESOTA, WACONIA

TITLE: Lakeview Clinic Bi-Directional Cable Television
Systemn
PERIOD: 1972-1974

TECHNOLOGY : Cable, 2-Way Audio/Video/Data

APPLICATION: Primary Care

This system was instituted to evaluate a two—way audio-video
cable link between the rural Lakeview practice clinics at
Waconia and .Jonathon and Ridgeview Hospital in Waconia. A
major goal of this project was to assess the behavioral and
attitudinal changes of the participating physicians and

allied health personnel and the care of the patient partici-
pating in the health car~ process and the telehealth link.

The system was used for teleconsultations, telediagnosis,
monitoring, and augmented verbal communication-follow-up exams.
Data transmissions, including EKGs, x-rays, and charts, were

rerformed.

REFERENCE : Lasden, G., Ed., ImprovingﬁAmbulatQEy Health
Care Delivery. (Lexington Books, D.C. Heath and

Company: Lexington, Massachusetts, 1977).

CONTACT: Jon Wempner, M.D.
Lakeview Clinic Group
200 West Highway #5
Waconia, Minnesota 55387
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MISSOURI, ST. LOUIS

TITLE: Veterans Administration Nuclear Medicine Project

PERIOD: 1974-Present
TECHNOLOGY: Telephone, Computer

APPLICATION: Primary Care

It is the intenn- of this system to provide nuclear medicine
services of t..e rge-city Veterans Administration Hospital
at St. Louis tc Veterans Administration hospitals in a

rural area outside of St. Louils, in southern I1l1inois, and
in southern Missauri. Each hospital is equipped with a
computer and gamma camera, operated by a trained technician.
Each day patient studies are recorded and stored on magnetic
disks. At the end of the day the technicians at the remote
hospitals re—formct the data into picture format and transmit
it via data phones to the main computer at the St. Louis
Veterans Administration hospital. From these 1images,
diagnoses are determined and reports are transmitted the
next morning to the three rural hospitals.

RYFERENCE: Annual Report: Exchange of Medical Information
Program, Fiscal Year 1976. (Veterans Administra-
tion, Department of Medicine and Surgery,
Learning Resocurces Service: Washington, D. C.,
August 1976) . (42

CONTACT : Robert Donati, M.D.
St. Louis Veterans H-~spital
St. Louis, Missouri 63125

-
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NEBRASKA, MULLEN

TITLE ; Rural Initiative Health Grant

PERIOD: 1976-1979

TECHNOLOGY : Telephoto Transmitters, Radio, Telephcne

APPLICATION: Primary Care

Only one of the seven counties included in this project had
a4 physician prior to the project's inception. The proiect
plans to provide services through both a home health care
service program and two satellite clinics. A biocommunica-
tions network is also proposed, including telephone communi-
cations to 1link existing area medical centers and the new

clinics.

REFERENCE: Anderson, C., and W. Rappaport, Technology
Applications in Rural Health Care Systems.

MTR-7537 (The Mitre Corporation: McLean,
Virginia, May 1977). 7)

ADDITIONAL REFERENCE SUGGESTED BY PROJECT:

Baxter, W. E., Dr. P.H., "A Substitute System
for Rural Health Care." Hospital and Fealth
Services Administration. 22:3 (American Polle;e
of Hospital Administrators: Chicago, 1977).(75)

CONTACT: Wesley Moench
Director
Sandhills Development Corporation
Mullen, Nebraska 69152

125




NEBRASKA, OMAHA

TITLE: University of Nebraska Medical Center

PERIOQOD: 1959-Present
TECHNOLOGY: Microwave, 2-Way Audio/Video
APPLICATION: Primary Care, Education

The ‘miversity of Nebraska Medical Center began using two-
way closed-circuii television in 1959 to transmit educational
demonstrations with neurological patients and case information
from the Nebraska Psychiatric Institute (NPI) to medical
students in the Department of Anatomy. From 1964 to 1969 a
1l12-mile 1link was active between NPI and Norfolk State Mental
Hospital to facilitate joint conferences, to improve patient
care at the isolated Norfolk health facility, and to carry

out collaborative psychiatric projects. Since 1970 the
Medical center has been linked with three Veterans Administra-
tion hospitals, a dental school, and a medical school to
provide education and training in a wide variety of medical
specialty areas. In 1976 the Omaha and Lincoln campuses

of the University of Nebraska School of Nursing were linked

to provide sharing of faculty and instructive material.

REFERENCES: Annual Report: Exchange of Medical Information
Program, Fiscal Year 1976. (Veterans Adminis-
tration, Department of Medicine and Surgery,
Learning Resources Service: Washington, D. C.,
August 1976). (42)

Wittson, C., M.D., and R. Benschoter, M.S.,
"Two-Way Television: Helping the Medical
Center Reach OQut." American Journal of Psv-
chiatry, 129:5 (November 1972). /)

o

ADDITIONAL REFERENCES SUGGESTED BY PROJECT:

Benschoter,R., "Multi-Purpose Television."
Annals of the New York Academy of Sciences,
142:2, (March 1967).(58)

CONTACT : Cecil Wittson, M.D.
Chancellor Emeritus .
- University of Nebraska
Medical Center
42nd and Dewey
Omaha, Nebraska 68105
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NEBRASKA, OMAHA

TITLE: Remote Radiographic Transmission for Diagnostic
Interpretation
PERIOD: 1973-3i975

TECHNOLOGY.: Microwave, Cable, 2-Way Audio, 1-Way Data
(x-rays), Telephone

APPLICATION: Primary Care

This project was designed to provide on-demand interpretation
of x-rays transmitted between the small rural community of

Broken Bow, which had no radiologist, and the'Department of
Radiology of the University of Nebraska Medical Center. The
Purpcse was to implement and evaluate a slow—scan system

for transmitting x-rays.

REFERENCE: Chan, S., and J. R. Messick, 33 Telecommunica—
tions Projects in Medical Education and Health

Care. (Office of Medical Education, Research
and Development, Michigan State University:
East Lansing, Michigan, March 1975). (45)

CONTACT - . William J. Wilson, M.D.
Memorial Hospital Medical Center

2801 Atlantic Avenue
Long Beach, California 90806

L ]
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NEW HAMPSHIRE, HANOVER

TITLE: Mew Hampshire/Vermont Interactive Medical
Television Network (Interact) .
PERIOD: 1968-Present

TECHNOLOGY : Microwave, 2-Way Audio/Video/Data and Videotape
APPLICATION: Primary Care, Administration, Education

Interact developed from a 1968 1link between Dartmouth-
Hitchcock Medical Centei, Hanover, New Hampshire. and the
Claremont General Hospital, Claremont, New Hampshire. By

late 1972 the network also included the University of

Vermont Medical Center at Burlington, the Central Vermont
Medical Center at Montpelier, the Rockingham Memorial Hospital,
and the Windsor Prison. Additional links are being
established in both states with current construction of

links at the White River Jct., Vt. Veterans Administration
Hospital and the St. Albans, Vt. Correctiocnal Facility. The
system seeks to provide medical services to communities

that have had only limited access tc specialty care and to
pool faculty resources between institutions involved in
health manpower training to optimize the use of professionals.
Services include patient consultation, specialty conferences,
continuing education, Grand Rounds and joint faculty/

student programs. As an adjunct to the two-way microwave
network, Interact/Media Outreach provides videotapes of
“"airtime' programs on a loan basis to regional hospitals

not interconnected with the Interactive Television Network.

REFERENCE: Siebert, D. J., A Decnade of Experience Using
Two—Way Closed Circuit Television for Medical
Care and Educaticn. Final Report, Contract
#1-LM-4-4704 (TLister Hill National Center for
Biomedical Communications, National Library
of Medicine: Bethesda, Marvland, November 1977).C

CONTACT : Marshall Krumpe
Network Manager
INTERACT Television
c/o Dartmouth-Hitchcock Medica™ Center

Hanover, New Hampshire 03755
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NEW MEXICO, CUBA

TITLE: Checkerboa~u Area Health System
PERIOD: 1973-Present

TECHNOLOGY: Radio, Telephone

APPLICATION: Primary Care, Administration

The Checkerboard Area Health System was established to improve
health care services to the largely Navajo population north-
west of Albuquerque. The system links a Health Center in Cuba
with six outreach clinics staffed by non-physician providers.

The Health Certer has a nine-bed hospital, outpatient facilities,
an emergency room, and dental services. It provides consultative
services and administrative support to the satellite clinics.

The outreach clinics provide services on an outpatient basis and
through a home health visit program.

REFERENCE: Cuba-Checkerboard Area Coordinated Health Program:
A Model for a Health Delivery System in a .
Distressed Rural Area of New Mexico. (Presbyterian

Medical Services: Santa Fe, New Mexico, July 15737‘(9?3

CONTACT : David A. Watson
System Administrator
Checkerboard Area Health System
P.0. Box 638
Cuba, New Mexico 87013
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NEW MEXICO, PLAYAS LAKE

TITLE: Playas Telehealth System
PERIOD: 1975-Present

TECHNOLOGY : Microwave, 2-Way Audio/Video, Telephone,
Facsimile

APPLICATION: Primary Care, Administration

The Playas Telehealth System installed under the direction
of the University of New Mexico and financed by the Phelps
Dodge Corporation, was designed to provide comprehensive
health care to over five hundred workexs and their dependents
who live at the Phelps Dodge Corporation copper smelting
townsite of Playas, New Mexico. Playas Clinic, operated

by physician extenders, is linked to Med Square Clinic in
Silver City where physiciaus are available to supply a

wide range of services via telecommunications to the Playas
Clinic. These services include consultation, diagnosis, and
administrative support. Playas and surrounding communicy
residents now have a broad base of health services

avaiiable to them, including primary care, emergency care,
laboratory/x-ray services, and pharmaceuticals.

REFERENCE: Playas Lake Telehealth System - Phase I
Report. (University of New Mexico Regional
Health Program: Albuquerque, New Mexico,
December 1975). (61

CONTACT: Shelby King, M.D.
Med Square Clinic
114 W. 11th Street
Silver City, New Mexico 88061
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NEW YORK, BUFFALO

TITLE: Communications In Learning Tele-lecture Network

PERIOD: 1968-Present

TECHNOLOGY : 2-Way Audio, Darome '"Meeting Bridge'

APPLICATION: Education

The Tele-lecture Network is a two-way communications system
linking more than forty hospitals, presently within a 200-

mile radius, in Western New York State, Northeastern Pennsyl-
vania, and Ontario, Canada, to provide educational programs,

both for credit and for non-credit continuing education.

Seventeen different program areas are offered, including

nursing, surgery, speech therapy, dietetics, medical technology,
medical records, and others. Programs generally consist of

two one-half hour sessions. During the first one-half hour,

the presentation by the Znstructor is transmitted from the
Communications In Learning Resource Center to the participating
hospitals. Questions are then transmitted back from the hospitals
to the instructor during the second one-half hour. Each series

is sponsored by a professional soclety or organization. Pro-
fessionals in their fields from all over the country are invited
to participate as instructors on a no-fee basis, as Communications
In Learning, Inc., is now operating as a non-profit organization.
The programs are then taped and described in a catalog which

can be purchased.

REFERENCE: Individuals Working Together for Creative Action.
(Communlcatibns(in)Learning, Inc.: BuffaTco,
New York, 1977). 62

CONTACT : Emmett C. Murphy, M.D.
President, Communications in Learning, Inc.

2929 Main Street
Buffals, New York 14214
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NEW YORK, NEW YORK

TITLE: East Harlem Broadband Health Communications
Network (Mt. Sinai)

‘PERIOD: 1972-1975
TECHNOLOGY: Cable, 2-Way Audio/Video, 1-Way Audio/Video
APPLICATION: Primary Care, Administration, Health Education

This svstem was composed of two community projects. One was
a two—way interactive audio/video link to provide pediatric
services from Mt. Sinai Hospital to a nurse practitioner at
the Wagner House's Child Health Station. The second projeczt
used closed-circuilt television to provide health and community
information to over three hundred elderly residents of the
Gaylord White Housing Project. Objectives of the project
included determining the degree of acceptance of bi-direc-
tional cable television by both health providers and con-—
sumers, the effectiveness of bi-directional wvideo and audio
contact in lieu of in-person physician/patient contact, and
cost-benefits of the system.

REFERENCE: Salzer, J. E., C. L. Marshall, and E. R. Glazer,
"The Use of Cable Television as a Tool in
Health Education of the Elderly: Screenings,"
Health Education Mono>graphs (Office of
Primary Health Care Education, College of
Medicine and ?enfistry: Newark, New Jersey,
Winter 1977). 63 ’

ADDITIONAL REFERENCE SUGGESTED BY PROJECT:

Muller, €. et al., ""Cost Factors in Urban

Telemedicine." Medical Care, 15:3 (March 1977).(64)

CONTACT : Carter L. Marshall, M.D.
Director
Office of Primary Health Care Education
CMD/NJ
100 Bergen Street
Newark, New Jersey 07103
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OHIO, CLEVELAND

TITLE: Telemedicine Project at Case Western Reserve University

PERIOD: ©1972-1978

TECHNCLOGY : Laser, Cable, 2-Way Audio/Video/Datas

APPLICATION: Primary Care

This project was instituted to link an operating room at Cleve-
land Veteran's Administration Hospital and an anesthesia moni-
toring room at University Hospitals, Case Western Reserve. The
consultant at the University Hospitals may view the patient,
anesthetizing area, and operating room at the Veteran's
Administration Hospital on a color television monitor and m..
converse with the anesthetist. The initial overall objective

was to evaluate the use of two-way, audio/video data communi-
cations as a potential remedy to the shortage of anesthesiologists.
This objective was expanded to explore the utility of tele-
medicine in furthering the regionalization of medical care. A
link to Forest City Hospital in the inner city was added in 1975,
connecting the intensive care unit and the newborn nursery with the
consultative and supervisory capabilities of Uriversity Hospital.
An overall declining census of FCH saw the closure of the ICU

in late 1976, which terminated that aspect of the project.
Because of its continuing gross inability to compete success-—
fully as a secondary and tertiary patient care facility, FCH
closed February 6, 1978. Consequently all clinical telemedicine
activities have ceased. The newborn nursery project effort which
is now in the process of final evaluation promises to be the most
successful aspect of the project from the patient outcome pros-—
pective. FCH is considering the role of a primary health care
provider. If this becomes a reality, it is conceivable thart
telemedicine can be utilized on site as a consultative and
supervisory tool in patient care as well as expedite patient
triage to appropriate health care facilities. "There will be
continued anesthesia consultcation via telemedicine to the
Veteran's Administration Hospital.

REFERENCES: Gravenstein, J. S., Laser Mediated Telemedicine,

Final Report. (Case Western Reserve University:
Cleveland, Ohio, December 1973).(65

Grundy,RB. L., et al., "Telemedicine in Critical
Care: An Experiment in Health Care Delivery "

E
Physicians, and The University Association for 66)
Emergency Medicine, 6:10,439-444 (October 1977).
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CONTACT: J. S. Gravenstein, M.D.
Professor and Director
Department of Anesthesiology

Scheol of Medicine, Case Western University
2119 Abington

Cleveland, Ohio 44106
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OHIO, COLUMBUS

TITLE: Chio Valley Medical Microwave Television System

PERIOD: 1974-Present
TECHNOLOGY : Microwave, 2-Way Audio/Videc
APPLICATION: Education, Primary Care, Administration

Designed originally to provide tele-diagnosis and tele-consul-
tation to improve the health services in Ohio's Appalachian
Region, this system has evolved to providing continuing medical
education for physicians, nurses, allied health professionals
and undergraduate medical students. The system links six
stations serving seven southeastern counties. The teaching-
Creatment centers of Ohio State University College of Medicine
and in 1978 Ohioc University College of Osteopathic Medicine are
linked with rural town and state hospitals. Applications for
which the system is used include continuing medical education

cf professionals, in-service training, training of allied
health personnel, consultation and diagnosis, training of under-
graduate medical students at remote training sites, administrative
communication and. data exchange. The system is a project of the
Ohio Educational Television Network Commission and is operated

by Ohio University.

REFERENCE: Char, S., and J. K. Messick, 33 Telecommunications
Projects in Medical Education and Health Care.
(Office of Medical Education, Research and Develop-
ment, Michigan State University: East Lansicg,
Michigan, March 1975).

CONTACT: Ronald A. Black
Project Director
Ohio Valley Medical Microwave Television System
353 Grosvenor Hall
Athens, Ohio 45701
(614) 594-6401
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OREGON, EUGENE

TITLE: McKenzie River Health Clinic
PERIOD: 1976-1979

TECHNOLOGY : Slow—scanrr Television
APPLICATION: Primary Care, Administration

The purpose of this project is to establish the McKenzie
Health Clinic for providing health services to the
medically underserved population of the McKenzie River
Valley. The clinic is staffed by physician extenders who
use a two-—way slow—scan television system for consultations

with physicians of a hospital in Eugene.

REFERENCE : Rappaport, W., and F. Skinner, Development
and Implementation of the McKenzie Clinic
Telehealth System. MTR—-7715 (The Mitre
Corporation: McLean, Virginia. In Press).

67 )

CONTACT : Rcniald Castle
Lane County McKenzie River Clinic
P.O. Box 183
Blue River, Oregon 97413




RHODE ISLAND, BLOCK ISLAND

TITLE: Rhode Island Rural Nealth Demonstration Project
PERIOD: 1976-1979
TECHNOLOGY: Slow-scan Television

APPLICATION: Primary Care

The Rhode Island project is designed to provide comprehensive
care to the populations of the medically underserved towns of
Glocester and Scituate, Richmond and Charleston, and Block
Island. The first two areas are served by mobile vans offering
a variety of services. Block Island, medically isolated from
the mainland, is linked to a mainland hospital via slow—-scan
television to permit voice communication and transmission of
x-rays, EKGs, and body views for specialty consults.

REFERENCEFE - ?~o>paport, W., and F. Skinner. The Block Iszland-
Rnode Island Hospital Tel, . ~ System: A Pro-
gress Report. WP1l2787 (The _._._Corporation:

Mclean, Virginia, January 1978).(73)

CONTACT: Frank Donahue
Rhode Island Department of Health
75 Davis 3treet
Providence, Rhode Island 02908




SOUTH CAROLINA, HAMPTON (HAMPTON COUNTY)

TITLE: Improving Rural Health Care: A Computer-—
Based Health Communicartions System

PERIOQOD: 1976-1979

TECHNOLOGY : Computer

APPLICATION: Primary Care, Administration

This project was designed to establish an organized computer-
based system for the communication of patient information
among providers In Hampton County. The main computer,
located in Hampton General Hospital, is linked with remote
terminals onerated by physicians, pharmacists, and other
health providers in the County. A computerized billing
system has also been developed.

REFERENCE: ~ "The Hampton Project: Initial Census Data
for a Community—Based Health Communication
System.'" Jsurnal of rthe South Carolina

Medical Association f{October 1977). ‘687

CONTACT :: Harrison L. Peeples, M.D.
Chairman
Hampton County Health Foundation, Inc.
Hampton General Hospital
Varnville, South Carolina 29944




TEXAS

TITLE: Interactive Closed-Circuit Television Svstem
PERICD: 1974—-Present
TECHNOLOGY 3 Microwave, Cable, Closed-Circuit Television

APPLICATION: Primary Care, Administration, Education

This system was designed tc link three Veterans Administration
hospitals within an area of Texas called rthe "Mini-Region."
Each hospital also has its own in—house, closed—circuit
television system. The microwave system linking the three
hospitals is used for medical consultations and Joint admin-
istrative conferences. One of the hospitals is also linked by
cabtle to a non—-Veterans Administration hospital to facilitate

sharing of lecture materiais.

REFERENCE: STARPAHC Systems Report, 2 vols. (National
Aeronautics and Space Administration, Johnson

Space Center: Houston, Texas, Contract No.
NAS9-13170, LMSC D566138, October 1977).¢(%43)

CONTACT: Mr. Robert B. Shamaskin
Deputy Director
Learning Resources Service (142 A)
Department of Medicine and Surgery
Veteraas Administration
810 Vermont Avenue, N.W.
Washington, D. C. 26420
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UTAH, SALT LAKE CITY

TITLE: Utah Remote Site Rural Health Program
PERIOD: 1976-1979
TECHNOLOGY : Computer

APPLICATION: Primary Care, Education

This project was initiated to provide primary medical care
in two underserved rural areas in Utah. The satellite
clinics are staffed by physician extenders linked with
physicians by computerized medical audit protocol to
ensure consistently high quality services. Computers are
located in the remote sites with linkages via telephone

to backup physicians locaied at Sal:t Lake City and Rich-
field. Primary care, preventive medicine, and mental health
services are provided by the clinics. The computers also
maintain medical records and a financial management system
for each clinic.

REFERENCE : Anderson, C., and W. Rappaport, Technology
Applications in Rural Health Care Systems.
MIR-7537 (The Mitre Corporation: MclLean,
Virginia, May 1977). (27D

CONTACT: Donna Olsen, Ph.D.
Assistant Procfessor
University of Urtah
College of Medicine
50 N. Medical Drive
Salt Lake City, Utah 84132




VERMONT, GRAND ISLE COUNTY

TITLE: Grand Isle County Integrated Health Services
Project

PERIOD: 1976-1979

TECHNOLOGY: Telephone

APPLICATION: Primary Care

The objective of this project is to piovide a comprehensive,
integrated, 24-bour health care system to isolated Grand Isle
County in eastern Vermont. The Champlain Islands Health
Center, the focal point of the project, is staffed by nurse
practitioners. Physicians make periodic on-site visits.
Using the :telephone number of the Champlain Center, a 24-hour

call system has been developed which refers calls to physicians
after they are screened- by specially tgained local residents.

REFERENCE : Anderson, C., and W. Rappaport, Technology
Applications in Rural Health Care Systems.
MIR~7537 (The Mitre Corporation: McLean,
Virginia, May 1977). (27

CONTACT : Elizabeth J. Davis
Visiting Nurse Association
260 College Street
Burlington, Vermont 05401
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WASHINGTON, SEATTLE

TITLE: WAMI (Washington, Alaska, sntana, Idaho)
PERIOD: 1974-1975

TECHNOLOGY: Satellite, 2-Way Audio/Video/Data
APPLICATION: Primary Care, Administration, Education

This project utilized the ATS-6 sarellite for long distance
training of University of Washington medical students. Two-
way live broadcasts were beamed between the University of
Washington and Fairbanks, Alaska, and Omak, Washington.

The first quarter of the university's medical school training
was taught at the University of Alaska, Washington State
University, University of Idaho, and Montana State Uni-
versity. This project was designed to educate more doctors
and encourage them to practice in rural areas. Video

and audio transmission were also used to provide administra-
tive conferencing between officials at all locations.

REFERENCES: Dohner, C. V., T. J. Cullen, and E. A.
Zonser, ATS—6 Satellite Evaluation: The

Final Report of the Communications Satellite
Demonstration. (University of Washington
School of Medicine: Seattle, Washingtcn,

September 1975).(21)

Schwarz. M. R., and M. H. Johnson, ""Role
of Satelli:: Brocadcasts in Regional
Medical Education and Health Care
Delivery.'" AIAA Conference on Communica-
tions Satellites for Health/Fducation
Applications, Denver, July 1975.

CONTACT: Roy Schwarz, M.D.

WAMI Director
University of Washington

School of Medicine
Seattle, Washington .98195
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WISCONSIN, MADISON

TITLE: Nursing Dial Access Library
PERIOD: 1968-Present
TECHNOLOGY : Telephone (for Tape Library Access)

APPLICATION: Primary Care, Education

Presently, this system hosts a library of about four hundred,
four to seven-minute tape recordings on a variety of medical
and nursing subjects. The service is available twenty-four
hours a day, seven days a week and is open to registered

nurses throughout Wisconsin. It is also available by contract
to Veterans Administration hospitals and National Health Service
Corrs physicians and nurses around the country. Participating
health professionals receive a c:talog listing of the tapes

and their respective numbers. A person wishing to use the service,
dials the library at the University of Wisconsin Medical Center
and the operator who answers selects and plays the requested

tape.

REFERENCE : Annual Report: Exchange of Mediczl Information
Program, Fiscal Year 1976. (Veterans Administra-
tion, Department of Medicine and Surgery Learning (42)
Resources Service: Washington, D. C., August 1976).‘"

CONTACT: Ann Niles, R.N.
424 Lowell Hall
610 iLangdon Str-=et .
Madison, Wisconsin 53706

NOTE: We have decided tu terminc.te the service for
wWisconsin Physicians during the coming year, but
continue it for nurses. Over the last few years
fewer doctors have subscribed and used the service.
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CANADA, NEWFOUNDLAND, ST. JOHN'S

TITLE: Experimental Use of the Communications Tech-
nology Satellite Hermes in Telemediucine

PERIOD: March 1977-June 1977

TECHNOLOGY : Satellite, One-way TV, Audio Teleconferencing

APPLICATION: Education

The goal of the experiment was to test the satellite system
as a means of providing continuing education to physicians,
nurses and allied health workers at 4 hospitals in the
province. The topic included Communications/Development
Disorders in Children, Cardiology, Anesthesisa, Thera-
peutics, various areas in nursing and community health
education, as well as sessions in hospital administration.
The project simulated various sessions at St. John's between
a hospital and the teaching centre. In the post-Hermes
experiment phase the project office is exploring teaching
and consultation applications of the existing telephone
network, using at times facsimile and slow-scan technology.

REFERENCE: House, A. M., and W. C. licNamara, Report on
Memorial University of the Communications
Technology Satellite Hermes in Telemedicine.
(Health Sciences Centre, Memorial University:
St. John's, Newfou; dland, 1977).(69)

CONTACT: Dr. Maxwell House
Assistant Dean
Continuing Medical Education
Memorial University
. St. John's Newfoundland Al1C 5S7
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CANADA, ONTARIO, LONDON

TITLE: Canadian Telemedicine Experiment U-6

PERIOD: October 1976-February 1977

TECHNOLOGY: Satellite, One-way Video, Two~way Audio, Facsimile,
1-Way Data

APPLICATION: Professional Supervision and Support,
Primary Care

The Hermes Communications Technology Satellite lirked a remcte
Base Hospital via one-way TV plus interactive audio and facsimile
to the University Hospital. Further, a nursing station was
linked via interactive audio and facsimile to the Base Hospital
to support primary care of the nursing station. The camera at the
Base Hospital was controlled remotely from the University
Hospital. TV link was used for support of practicing physicians
and specialists at the Base Hospital in the areas of radiology,
anesthesia, psychiatry, cardiology, pathology, hematology,
rPhysiotherapy, dentistry, pharmacy, respiratory technologv,
nursing support, infection control and administration. The
experience gained and information gathered in the experiment

will be applied to future developments in regard to telehealth

care systems in Canada.

REFERENCES: Carey, L. and E. Russell, Canadian Telemedicine
Experiment U-6 (Univers%tv)of Western Ontario:
London, Ontario, 1977).%'70

Roberts, R., S. Skene, and G. Lyons, Evaluation
of the Moose Factory Telemedicine Project U-6 \
(McMaster University: Hamilton, Ontario 1978). (71

CONTACT : Dr. Lewis S. Carey
Experiment Leader

Department of Diagnostic Radiology
University of Western Ontario
London, Ontario
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CANADA, TORONTO

TITLE: University of Toronto/University of Waterloo
Telemedicine Project

PERIOD: September 1977-September or December 1979

TECHNOLOGY : Telephone, Slow-Scan Video

APPLICATION: Primary care

This is a study of the cost-effectiveness of a slow-scan
video system in assisting delivery of health care to
Northwestern Cntario. The telephone system links twenty
Health Aid Stations, seven Nursing Stations, one Base
Hospital at Sioux Lookout, tario, and two Consulting
Hospitals in Toronto. Slow-scan video links one Base Hospital,
one Health Aid Station, two Nursing Stations, and two
Consulting Hospitals. Normal telephone lines, satellite
lines, radio telephone and radio are used. Slow-scan video
systems have bteen installed at six sites and are planned

for communities but await installation of the required
telephone lines. The study will compare health care
delivery patterns in communities with slow-scan video equip-
ment and communities without the equipment. Patient care
and telecommunication -data is being collected from all
professional/patient encounters in the northern communities,
representing essentially a census of primary health care
delivery in the region. Cost-effectiveness is expected to
be related to patient transfer. After the first six months.
of the project several health professionals have be~xn
trained to operate the slow-scan systems without assistance:
data collection and coding procedures are satisfactory.
Sufficient data to begin testing hypotheses should be avail-—
able after 12 to 18 months of data collection.

REFERENCE : Dunn, E. V., and D. W. Conrzth, Telemedicine
Proiect: 1977 Year End Report. (University
of Toronto: Toronto, Ontario). 72)

CONTACT: Earl V. Dunn, M.D.
Department of Family and Community Medicine

University of Toronto
Toronto, Ontario

Pavid W. Conrath, Ph.D.

Department of Management Sciences
University of Waterloo

Waterlioo, Ontario _

146



[ 29]

REFERENCES

Park, B., An Introduction to Telemedicine: Interactive Television
for Delivery of Health Services. (The Alternate Media Center at
the School of the Arts, New York University: New York, June 1974).

Bashshur, R. I., P. A. Armstrong, and Z. I. Youssef, Eds.,
Telemedicine: Explorations in the Use of Telecommunications in
Health Care. {Thomas: Springfield, Illinois, 1972).

Rockoff, M., "An Overview of Some Technological/Health Care System
Implications of Seven Exploratory Broadband Communications Experi-
ments."” TEEE Transactions on Communications. COM-23,1,20-30

(January 1975).

Doermann, A. C., D. MacArthur, and P. Walcoff, Extending the
Capabilities of Non-Physician Providers in Isolated Rural Areas:
An Investigation of the Potential Impact of Telecommunications—
Based Technology. MTR-7063 (The Mitre Corporation: McLean,

Virginia, June 1976).

Anderson, C., and P. Walcoff, A Preliminary Plan for a Demonstra-
tion of Rural Health Care Telecommunications Linkages in Appalachia
Kentuckv. MTR-7274 (The Mitre Corporation: McLean, Virginia,

June 1976).

Elton, M. C. J., "The Use of Field Trials in Evaluating Tele-
medicine Applications.” Telemedicine: Explorations in the Use
of Telecommunications in Health Care, R. I. Bashshur, P. A.
Armstrong, and Z. I. Youssef, Eds. (Thomas: Springfield,

Illinois, 1972).

O'Neill, J. J., C. A. Paquet:<, and S. Polk, Testing the Applica-
bility of Existing Telecommunications Technology in the Administra-
tion and Delivery of Social Services. M-73-52 (The Mitre Corpora-

tion: McLean, Virginia, April 1973).

Neham, E., A Telephone Network Enabling the Provision and Manage-
ment of 24-Hour Medical Care Services in Isolated Rural Areas.
WP-11633 (The Mitre Corporation: McLean, Virginia, July 1976).

Rasmussen, W. T., and J. Silva, Navy Remote Medical Diagnosis
System. (Naval Electronics Laboratory Center: San Diego,
California, 1970).

Skinner, F. L., Technology Support of the Remote Non-Phvsician
Provider: Telecommunications Systems and End-Instrument
Components. M76-81 (The Mitre Corporation: McLean, Virginia,

December 1976).

1.7

e

15:-



11.

13.

14,

lo.

l17.

18.

19.

8]

F-d

Reid, R. A., "An Analysis of Tasks Performed by Mid-Level Health
Professionals in an Experimental Rural Medical Care Delivery
System." Abstract Proceedings of the First Miami Internaticnal
Conference: Progress and Prospects in Health Care Distribution
Syvstems, (National Science Foundation: Washington, November 1974

Henry, R. A., "Evaluation of Physician Assistants in Gilchrist
County, Florida.' Abstract Proceedings of the First Miami
International Conference: Progress and Prospects in Health Care
Distribution Systems, (National Science Foundation: Washington.
Ne . ember 1974).

Klapper, M. S., and I. B. Harper, "MIST--Observations and
Trends." Journal of the Medical Association of the State of

Alabama (April 1975).

Drazen, E., J. Metzger, and K. Wiig, Automated Electrocardiography
in the United States. (Arthur D. Little, Inc.: Cambridge,
Massachusetts, August 1976).

Mesel, E., and D. D. Wirtschafter, "On-Line Medicaid Billing Syste
for Physicians' Services.'" Computers and Biomedical Research.

8,479-491 (1975).

Laudet, J., J. Anderson and F. Begon, Eds., Medical Data Processin
(Tavlor and Travers: London, 1976).

Barnett, G. 0., "Compéter—Stored Ambulatory Record (COSTAR)."
NCHSR Research Digest Series, (HRA) 76-31453 (U. S. Department
of Health, Education and Welfare: Washington, D, C., 1976).

Coulson, John E., ""Computer—Assisted Instruction and I.s Potential
tor Individualizing Instruction.” To Imr oSve Learning: An Evalua
tion of Instructional Technology, Sidne- . Tickton, Ed. (Bowker:
New York, 1970).

Murphy, R. I., "Accuracy of Dermatologic Diagnosis by Television.'"
Archives -f Dermatology. 105,833-835 (June 1972).

Boor, J. L., G. Braunstein, and J. M. Janky, '""ATS-6: Technical
Aspects of the Health/Education Telecommunications Experiment."
IEEE Transactions on Aerospace and Electronic Systems. AES-11,

©€,1015-1032 (November 1975).

Dohner, C. W., T. J. Cullen, and F. A. Zinser, ATS-6 Satellite
Evaluation: The Final Report of the Communications Satellite

Demonstration. (University of Washington School of “edicine:

Seattle, Washington, September 1373).



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

“Bennett,

White, P. B., Satellites, Telecommunications and Educatlon——
A Calendar of Future Events. (Svracuse Uni- rsity Research
Corpoiation: Syracuse, New York, January 1976).

Progress Reporct: __Evaluation of Remote Radiographic Communica-
tions, January, 1974—Jdnuar)_J 1975. (University of Nebraska
Medical Center. Omaha, Nebraska, 1975).

Video Kequirements for Remote Medical Diagnosis. (SCI Systems,
Inc.: Houston, Texas, June 1974).

Per=cnal communication with Dr. Ralph E. Adams, (Qklahoma City,
Oklahoma, June 1@77).

Dhillon, H., and A. M. Bennett, A Cost-Performance Analvsis

of Alternative Manpower Technology Combinations for Delivering
Prinary Health Care. MTR-7068 (The Mitre Corporation: McLean,
Vlrglﬂla, October 1975).

Anderson, C., and W. Rappaport, Technology Applications in Rural
Health Care Systems. MTR-7537 (The Mitre Corporation: McLean,

Virginia, May 1977, .

Personal communications with Dr. Stuart Mever. (Northwestern
Tmiversity: Evanston, Illinois, 1977).

Personal communications with Dr. Anthony J. Rippo. (Marine Medi-
cal Service, Inc.: Sar Diego, California, 1977).

O'Neill, J. J., J. T. Necerino, and P. “_.lcoff, Benefits and
P*oblems of Seven Exploratorv Telemed1c1ne Projects. MTR-6787
(The Mitre Corporation: McLean, Virginia, February 1975).

Connell, E., and C. Paquette, NCHSR Workshop IV - Summary: Rural
Physician Workshop, Julv 1 and 2, 1975. M75~71 (The Mitre Corpora-
tion: Mclean, Virginia, October 1975).

Doerrmann, A. C., S. N. Goldstein,and D. L. MacArthur, et al.,
Selected Approaches toc Enhancing the Retention of Primery Care
Physicians in Rural Practice. MTR-706G (The Mitre Corpcration:

McLean, Virginia, October 1975).

A, M Assessing the Performance of Rural Primary Health

e g

Care Systems. MTE—-6788 (The Mitre Corporation: Mclean, Virginia,

November 1974).

Valcoff, P., J. T. Nocerino, and D. L. MacArthur, et al., An
Investigation of Health Manpower Resources for Pural Primary Care
Delivery. MTR-6918 (The Mitre Corporation: MclLean, Virginia,

August 1975).

149



35.

36.

37.

39.

1.

i~

O

ERIC

Aruitoxt provided by Eic:

Valcofi, P The Economic Impact of Adding a on-Phvsician Primn

ey

Care Provider Staffed Satellite Facilitv to a Rural Medical

Practice. M75-81 (The Mitre Corporation: McLean, Virginia,
October 1975.

Skinner, F. L., Telehealth Technology: A Laboratory PReport.
M1e-7697 (The Mitre Corporation: Mclean, Virginia, October 1975

Rockorf, M. .., and A. M. Bennett, ""The 'Fatient Trajectory':
A Modeling Tool for Planning and Evaluating Rural Telemedicine
Systems.” (Delivered at NATO Telecommunications Svmposium: Per
Irtaly, September 1977). To be published by Plenum Publi hing

Company.

Mesel, E., and D. D. Wirtschafter, "Automotion of a Patient
Medical Profile from Insurance Claims Datns A Possible First St
in futomating Ambulatory Medical Records on a National Scalel”
Health and Societyv. 29-45 (Winter 1976).

Mesel, K., and D. D. Wirtschafter, "Econoiiic Analvsis of an Auto-
(B}

mated Billing System for Physicians' Services. Medical Care.
14:1037-1051 (1976).

Wilson, M., R,, M.D., and C. Brady, ''Health Care

in Alaska via Satellite.'" AIAA Conference on Communication .
S::tellites tor Health/Education Applications (Denver, Colorado,
Juiv 21-23, 1975).

Rreimer, O., F. Mudson, and D. Foote, Health Care and Satellite
Radio Communication in Village, aAlasgka. (CAlifornia Institute {o
Communication Research, Stanford Universicy . Palo Alto, Californ

June 19©74).

Annual Report: Exchange of Medical Information Program, Fiscal
Year 1976. (Veterans Administration, Department of Medicine

and Surgery, Learning Resources Service: Washington, D. C.,
August 1976).

STADPANC Svstems Report, 2 vols. (National Aeronautics and Space
Administration, .Johnson Space Center: Houston, Texas, Contract
Yo. NASQ-13170, LMSC 566138, October 1977).

Rasmussen, W. T., R. L. Crepeau, and F. H. Gerber, Resolutian

Requirements_ ior Slow—Scan Television Transmission of X-Ravs.

TR=150 (Naval Ocean Svstems Center: San Nizro, California, 1977

Chan, <., and J. R. Messick, 33 Teiecommunications Projects in

Medical Education and Health Care. (Office ot Medical Fducation,

Research and Development, Michigan State University: EFast lansin
Michigan, March 1975).

150



Sanborn, D. E., et al., "Interactive Television and the Rural
Family Phvsician.'" Journal of the Maine Medical Association,

Vol. 66, 276-279 (October 1975). T

Final Reporc: An Evaluation of the Impact of Communications
Technology and Improved Medical Protocol on Heal*h Care Delivery
in Penal Institutions. (University of Miami Medical School :
Miami, Florida, N3F Grant No. GI-39471, December 1976).

aminsky, A., "A Circulating Medical Li*rary on Video Cassettes.’
Educational and Industrial Television. 9,3,41-44 (March 1977).

Bvstrom, J. W., ""The Application of Satellites to International
Interactive Service Support Communication.' Proceedings of the
Roval Society of London, A.345,493-510 (October 1975).

Two-Way Visual Communications Experiment: The Final Reporzt.
(METCOR Incorporated: Chicago, Illinols, December 1973).

Friman, E., ""Medical Minicam Protection: Vhy Portable Color
Systems Prove a Boon to Medlcal Uses of Television." Educational
and Industrial Television, 7,12,17-20 (December 1975).

Friman, E., "The New Age of Medical Television Networks: The
Potential Satellite Transmission Holds for Networking Medical
Education.” Educational and Industrial Television, 19-22

(May 1977).

""Doctor to Doctor' Via CCTV: Continuing

Stephens, H. J.,
lducational and Industrial Tele-

Medi. 21l Education in Louisiana."
vision (July 1974).

Bird, K. T., The Veterans Administration Massachusetts General
Hospital Telemedicine Project. (Massachusetts General Hospital:
Boston, Massachusetts, June 1974).

Moore, G. T., et al., "Comparison of Television and Telephone for
Remote Medical Consultation.” The New England Journal of Medicine,
292:14, 729-732 (april 1975).

Lasden, G., Ed., Improving Ambulatorv Health Care Delivery.
(L..:ington Books, D. C. Heath and Company: Lexinzton, Massachuserrcs,

1977).

wittson, C., M.I., and R. Benschoter, M.S., "Two-Wayv Tele- )
vision: Helping the Medical Center Reach Cut." American Jourral of

Psyvchiatryv, 129:5 (November 1972).

151

15




"D,

(&)

~
TN

ERIC

Aruitoxt provided by Eic:

5.

e

Benschoter, R., "Multi-Purpose Television.” Annals of the “ew
Tork Academy of Sciences, 142:2 (March 1967).

Siebert, D, J., A Decade of Experience Using Two-Way Closed
Circuit Iulcvxslon for Medical Care and Fdncwrxon. Final Report,
Contract No. 1=LM-4-4704 (Lister Hill Nationmal Center for Bio-
Medical Communications, National Librarv of Medicine: Bethesda,
Marviand, November 1977).

r=hx—thwckvrhu1r{“§rca Coordinated Health Program: A Model for a
Health inlvur“ Svstem in a Distressed i ?urdl Area of New Mexico.
\“ru\hxteran Mcdlcnl Services: Santa Fc New Mexico, July

La7 3).

Plavas Lake Telchealth Svstem - Phase 1 Report. (University of

New Moexico Regional Health Program Albuquerqu » New Mexico,

Jecember (1975).

intividual s Working Together for Creative Action. (Communications
in Learning, Inc.: Buftalo, New York, 1977).

i

sals I E., C. I.. Marshall, and E. R. Glazer, '"The Use of Cable
Ieler on as a Tool in Health E£ducation of the Elderly:
Sereciangs.' Health Education Monographs (Office of Primary Health

Care Fducation, College of Medicine and Dentistry: Newark, New
Jersey, Winter 1977).

Mulier, C., et al., "Cost Factors in Urban Telemedicine.'" M. '* 31
Care, 15:3 (March 1977).

Graoenstein, J. S., Laser Mediated Telemedicine, Final Repo. @ .

(Case western Reserve University: Cleveland, Ohio, December 1973).

trundy, B. L., et al., "Telemedicine in Critical Care: An Experi-
ment in Health Care Delivery." Journal of the American College
o! Fmergency Phyvsicians, and The Universityvy Association for

Eﬁ;?zéhﬁy Medicine, 6:10, 439-444 (October 1977).

Rapraport, W., and F. Skinner, Development and Tmplementation of
the McKenzie Clinic Telehealth System. MTR-7715 (The Mitre
Covrporation: MclLean, Virginia. 1In press.).

"The Hampton Project: Initial Census Data for a Communitv-Based
Health Communication Svstem.'" Journmal of the South Carolina
Medical Association (October 1977).

Hovse, A. M., ard W. C. McNamarz, Report on .‘emorial Universitv of
tire Communications Technology Satellite Hermes in Telemedicine,

(Health Sciences Centre, Memorial University, c¢cp¢. John's, ¥ ew—
toundland, 1977).

152



75.

Carey, L., and E. Russell, Canadian Telemedicine Experiment 1'-6
(University of Western Ontario: London, Ontaric, 1977).

Roberts, R., S. Skene, and G. Lyvons, Evaluation of the Moose

Factorv Telemedicine Project U-6. (Mctfaster Tmiversity: amilton,

Ontarlo 1978).

Dunn, E, V., and Dp. ", Conrath, Telemedicine Froje ect: 1077
Year End Report. (University of Toronto: Toronto, Dntario).

Rappaport, W., and F. Skinner, The Block Island-Rhede Tsland
Hospital Telehealth System: A Progress Report. WPl 787 ('he
Mitre Corporation: Yclean, Virginia, Januarv 1978).

Schwarz, M. R., and M. H. Johnson, '""Role of Satellite broadcast
in Regional Medical Education and Health Care Delivery. ATAA
Conference on Communications Satellites for Health/Education

Applications, Denver, July 197S5.

Baxter, W. E., Dr. P.H., "A Substitute System for ~ural Hezlth
Care.' Hospital and Health Services Administration. 22:3 (Ameri-
can College of Hospital administrators: Chicago, 1977)

153

o 143




rTECbCRAPHKZOArA_'P T o i B . e !

Coger
SHEET W 7 -] : J
: :
nt . i
v LY - t . , . . » T
PULAD T MANDE e e R A R N R I TSN o
R S I A B DI
r. ‘ . . !
L re ooy s . ; - . . s : :
! B o enite U U o waendoe e, Lot and Ui b ooy T e T
— - _ B Tt 3 » - R ‘ J
G . . : .
! 3
o £ e ; P - ' . . .
TR B SATAS O AN UOY CRTRER el o PREREN t
I ¥ v . . .
Lot AERR A U e 3 P 4.
I
Ylean, . S !
. . - o BN e .
i ' . o - ‘ + - I [N RV} o= L
ovies 700 S LI S B SN nolere. N, ol ' |
e Lo - . e e o e e o . R |
i . v !
;
ST . ., o i o . -
Hy R Ry ol T ' N [ ol . ISR 4 , ) . v i
L P P S S . ; "y RN - co
, o : R — e L) J
e v e (N LKA Yoy , -
PN T, Mo S pod !
. f . . '
ot L e |
b e . - . - —
i . 1
;
]
!
.V.:‘r .r L M . N ) —0 ¥ N
0 ) . Y . s ¢ - . 0 ‘.
e _— e o )
s 7]
R - Lot B DL NS AT S SR PT A A I S A A A T
rs P . L Lo e s - 1. .. : . i
e N S SRS Y S U AP C Y RTS BRIE RTINS Tocated, o O I L
eroae i, o e e sereon . N Telelen Tl Tev appe
. , .
. R P e T IO o il AT

M . ey
e daTin

re

rative infor:
cn planning Tor rural
the resaurces, concepts, and issuck

coprovide prelin

: |
among the many alternatives avail= |
TTiciency o care. !

- 1

s ]
I
- ;
LSTRLEEN R O - . - . . ) '
Nrooan DD UEsn 0 rescascn T eg does o g D T oaunrr ooal oor f
SOT I et cmenl el research Ciadings he toaltln Sorecicos
Tt Jeparimene of lealthy Hdneat !
f ) !
i !
' ‘
) Maxime NORE R U R Ui .. :-LI':\“ LR ‘
!
. . i
Healti, service- rescarch |
o ~ ' et 1 ey T . T _— v : ‘
’ Telehealsh 4 guide fFo telecorummunical ions roectmolosy cor reral hieadstn '
i care; rescarch repo ries.
| Telecommunications techno Tt oar.
4 Y H . 3 P . .
f Rural health care technol

Telemedicine

1‘1
O - . .
Pe [i9 !
- . i}
m National |

Releasable to the public. Available

E thical nformation Service, Springfield, va 7
— . 2/ T3 .
Wi;ﬁﬁl T03/557-4850) 22161 '

. i ., o f - B . . . . . .
L L K L i Y. L. . R N . L AT -t i L . . 4




